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INTRODUCTION 



The MCS-48™ family of single-chip-microcom- 
puters has become an industry standard since the 
introduction of its original member (the 8748) in 
1979. The family is now comprised of seven mem- 
bers (see table). All of these components share a 
common architecture; each of them has unique 
features which may prove beneficial in a given 
application. 

This manual is a collection of the application infor- 
mation available for the MCS-48 family. Several 
items concerning Intel's UPI-41™ family are also 
included. The UPI-41 family is a series of universal 
peripheral interface devices which have an archi- 
tecture which almost duplicates that of the MCS- 
48. The only significant difference is that UPI-41 



devices reside on a system bus as a slave device 
whereas MCS-48 components are typically bus 
masters. Because of the similarity between these 
two series of parts, application techniques can 
usually be applied equally well to members of both 
families. It is hoped that the inclusion of the appli- 
cation notes concerning the UPI-41 family will be 
useful to designers working with MCS-48 family 
components. 

The material included in this manual is believed to 
be accurate; if you find any errors, or if you have 
any suggestions for future application notes for 
the MCS-48 family, we would appreciate hearing 
from you. 
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Single-chip 8-bit microcomputer fills 

gap between calculator types 
and powerful multichip processors 

Capabilities range from stand-alone computing to high-power data processing; 
ultraviolet light erases programable ROM of one version 

by Henry Blume, David Budde, Bill Morgan, Howard Raphael, Phil Salsbury, David Stamm, 

Intel Corp., Santa Clara, Calif. 
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1. Expandable. Although well able to run a stand-alone controller by itself, the new processor can also work with other family members for 
larger c> ntrol systems or with 8080 peripherals to handle complex data processing. This configuration typifies the MCS-48 capability. 



□ Putting an 8-bit microcomputer onto a single chip is 
achievement enough, but realizing performance nearly 
equal to multiple-chip devices gives a bonus of added 
flexibility for the new family. The two devices that are 
the heart of the family are really high-performance, 
single-chip microcomputers that fill the gap between 4- 
bit calculator chips and the 8-bit multichip microproces- 
sors. They can be used for the lowest levels of control, or, 
by being expanded with other rom/ram members of 
their family or with standard 8080 peripheral memory 
chips, they can be used in a wide range of high-powered 
data-processing systems. 

The two versions of the microcomputer, the 8748 and 
the 8048, are like 4-bit calculator devices in that they 
each contain all the elements needed for stand-alone 
computing— central processing unit, program read-only 
memory, data random-access memory, input/output 
interface, plus clocks and timers. Yet they contain these 
elements in 8-bit configurations that vastly exceed the 
power of the calculator types and approach 8080 
power. 

Two ROM version* 

The MCS-48 family is the first to offer a micropro- 
cessor with an erasable programable ROM, which will 
prove handy for low-volume applications and those in 
which periodic update of the program memory is 
required. The family also has a CPU-only chip, the 8035, 
which can be used with external memories. 

The 8748 has a 2708-type, 8,192-bit eprom with a 
program that can be changed by clearing with ultraviolet 
light and reprograming electrically in the usual way. The 



8048 has an 8-k mask-programable ROM. Together they 
give the user new flexibility: he can develop the program 
and build the prototypes with the reprogramable chip 
and switch to mask roms for volume production. 

The off-the-shelf 8748 also is perfect for quick- 
turnaround users who require small volumes only, since 
it can be programed to meet any system specification in 
any quantity— in contrast to some single-chip controllers 
requiring mask programing at the factory, which is often 
available only in large quantities. Equally important, the 
8748 can be used in control systems requiring periodic 
updating in the field, such as point-of-sale price-and- 
inventory controls. New program data can be fed into 
the system without a new ROM. 

The free-standing operations of the 8048 and 8748 are 
made possible by the 1 ,024-by-8-bit ROM or eprom for 
program memory, a 64-by- 9-bit ram for scratchpad 
functions, an 8-bit CPU consisting of an arithmetic/logic 
unit and accumulator for all the binary and decimal 
arithmetic functions, and an input/output facility that 
includes three 8-bit I/O ports plus three test/interrupt 
ports directly controlled by program instructions. 

Memory and input/output of the processors can be 
expanded to handle large control applications (Fig. 1). 
There's an inexpensive expander chip, 8243, which 
allows the processor chips to handle an additional 16 I/O 
lines. Also included in the family are combination 
memory and I/O expanders, such as a 2,048-by-8-bit 
rom with 16 i/o lines (8355), a 2-k-by-8-bit eprom with 
16 i/o lines (8755), and a 256-by-8-bit ram with 22 I/O 
lines (8155). 

The MCS-48 components also work directly with all 



El«ctronic«/November 25, 1976 



PORT 2 LATCH 
(LOW 4) AND 
EXPANDER 
PORT 
INPUT/OUTPUT 



PORT 2 
I BUS BUFFER 



RESIDENT 
READ-ONLY MEMORY 
OR ERASABLE 
PROG RAM ABLE 
- ROM 
IKxll 




1 



EXPANSION TO 
MORE I/O AND 
MEMORY 



OSCILLATOR I ^.,„ 

FREQUENCY — 

TEST 1 





PORT 
BUS BUFFER | 


1 PORT 
| LATCH 









PROGRAM- 
STATUS 
WORD 



I ACCUMULATOR 



TEMPORARY 
REGISTER 



ACCUMULATOR 
LATCH 




INSTRUCTION 

REGISTER 
AND DECODER 



RAM ADDRESS 
REGISTER 



PORT 1 

BUS 
BUFFER 

AND 
LATCH 



CONTROL AND TIMING 



m — | — m — i in 

I INITIALIZE | I I I i I SINGLE STEP j | 



-TEST 

- TEST 1 
-INT 

- FLAG 

- FLAG 1 
-TIMER FLAG 

- CARRY 

- ACCESS 

ACC BIT TEST 



INITIALIZE 
INTERRUPT PROM/ 

EXPANDER 
STROBE 



[ multiplexer! 





REGISTER 




REGISTER 1 




REGISTER 2 




REGISTER 3 




REGISTER 4 




REGISTER 5 




REGISTER S 


g 


REGISTER 7 


o 


l-LEVEL STACK 


u 


(VARIABLE LENGTH) 


a 


OPTIONAL SECONO 
REGISTER BANK 




DATA STORE 



CENTRAL OSCILLATOR ADDRESS PROGRAM 

PROCESSING TOTAL LATCH MEMORY 

UNIT/ STROBE ENABLE 

MEMORY CYCLE 
SEPARATE CLOCK 



READ WRITE 
STROBES 



RESIDENT 
RANDOM-ACCESS-MEMO RY 
ARRAY 
64 BY 8 BITS 



2. Stacked. The 8748 or 8048 processor chip supplies all the functions needed for a stand-alone microcomputer. It has a CPU complete with 
arithmetic/logic unit and accumulator, a 256-bit RAM, an 8.192-bit program ROM, a timer/event counter, and plenty of I/O capability. 



the 8080 family of standard memory and peripheral 
parts, soon to number about 30 large-scale-integrated 
circuits. They include timers, programable I/O control- 
lers, universal synchronous/asynchronous re- 
ceiver/transmitters, decoders, and keyboard/display 
controllers. 

One-chip advantage* 

The integration of all the basic blocks of a microcom- 
puter system into one circuit brings about some architec- 
tural advantages. When the device is used as a stand- 
alone controller, it need interface only with its I/O 
peripherals. This means that the execution speed of the 
processing is limited only by the speed of the chip, 
because there is no slowdown from transferring data 
between memory and cpu, as in multiple-chip designs. 

Moreover, technological upgrades can give enhanced 
performance without waiting for similar upgrades of 
external components, as is usually the case with multi- 
chip families. More immediately, the inclusion of data 
and program memories, which otherwise would have to 
be added separately to the system, simplifies the user's 
interface problems. 



Having an active data store on the chip— the quasi- 
static 64-by-8-bit ram— also simplifies system imple- 
mentation, since all scratchpad operations simply 
became part of the cpu function. There is no need for 
refresh circuits operate the ram; yet the device is 
dynamic in the sense that internal clocks are used for 
very fast, low-power access to the array. 

The major objective was access to a ram within a 
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3. Simple. Operating the 8748/8048 is extremely straightforward, 
with each 2.5- M s cycle consisting ot five states. Instruction inputs are 
made in state 1. decoding and program incrementing in state 2. 
Program executions begin in state 3 and run through 4 and 5. 
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4. Powerful. The on-chip RAM. part of which is reserved lor one or 
two banks ol 8-bit working registers, also accommodates the stack 
of subroutine addresses, which can be eight levels deep. Each stack 
location can handle the program counter and status data. 

fraction of an instruction cycle, so that those indirect 
internal instructions that require multiple addresses 
could still be executed in one instruction cycle. (Indirect 
ram instructions require three separate accesses: one to 
fetch the address of the memory location to be operated 
on, one to fetch the contents of the addressed location, 
and one to store the results of the operation.) Since the 
RAM is dynamic, its power dissipation, including all 
decoding and sense circuits, is a mere 75 milliwatts. 

Similarly, the eprom of the 8748 relies on internal 
clocks for better access and lower power consumption. In 
this case, however, only one access per instruction cycle 
is required, since there arc no indirect instructions to be 
processed in program memory. 

Having the eprom on the chip allows for an easy 
method of verifying a program. To accomplish this, the 
8748 can be put into a special instruction cycle (called 
the third-state mode) for programing and verification of 
the eprom. The cpu executes a special double-cycle 
instruction that allows the address and data information 
to be transferred to their respective registers during 



uiy essentially luies, wnue all transfers are 
controlled by asynchronous inputs. 

Common architecture 

The block diagram of the 8748/8048 (Fig. 2) shows 
how the common internal 8-bit data bus connects the 
major circuit blocks (shaded in the figure) — the data 
store, the program memory, the cpu with its alu and 
accumulator, a timer/event counter, l/o structure, and 
control structure. To pack all the required computer 
elements onto a single chip, the cpu section has been 
designed with a minimum of logic redundancies. 

For example, to eliminate a multitude of register files 
scattered throughout the chip, the 8-level subroutine 
stack and the directly addressable registers are found in 
the same addressing space as the scratchpad memory. 
This allows the programer maximum use of the ram, yet 
gives minimum logic for the device. The programer can 
utilize unused areas of the subroutine stack or direct 
registers as common scratchpad memory, or he or she 
can modify the stack and flags under program control. 

Likewise, the pipeline organization of memory fetches 
permits placement of the program counter (pc) with the 
internal timer/counter circuit block rather than in the 
ram array. Both elements share the source incrementer, 
resulting in more efficient use of on-chip hardware. 

In addition to executing the required functions of add. 
xor. and, and or. the alu also performs the bit- 
comparison operations necessary for conditional jump 
and test facilities. Through the use of a control-table 
ROM (which holds constant 8-bit values), and a zero- 
detect circuit on the alu output, any bit in the accumu- 
lator can be examined and the program flow modified. 

This setup is also used to test for any one of the many 
conditional jumps. Each of the conditional-jump flags 
and inputs is sent to the alu as an 8-bit conditional word 
and tested with the same circuitry used to examine 
individual accumulator bits. 

An internal oscillator also gives many system and 
device savings, such as the elimination of external 
components (except for a crystal or an RC network for 
setting the system's operating frequency). It also gives 
the chip designer maximum freedom in the structure of 
the internal clocking scheme, because there is no need 
for high-level, accurate clock inputs. 

Through efficient use of internal bus transfers, most 
instructions can be executed in a single-cycle length. The 
exceptions are those instructions which require a second 
memory fetch or an external I/O transfer. In these cases, 
only a second cycle is required. Moreover, limiting 
instructions to two lengths reduces the complexity of the 
internal state generator. Since 70% of all instructions are 
executed in a single cycle, program-execution times and 
program-storage size are still minimized. 

The multiplexed bus for address and data during 
external memory references maximizes the number of 
l/o pins available on a cost-effective 40-pin dual in-line 
package. For external program-memory references, bits 
ditional l/o port are used for address lines, with 
'ata being restored after the memory 
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5. Latching on. Adding standard memories to the system is quickly done with external latch 8212, which allows standard memory parts to be 
hooked directly onto the 8748/8048 bus. Operation of the latch is under the control of signals from the processor. 
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6. Mixing it up. Besides the main system port, 0, the processor chip has two others, 1 and 2, which allow inputs and outputs to be mixed on 
the same port. Here, writing a causes the pull-down devices to sink the TTL load; writing a 1 calls on the 50-kilohm pull-up resistor. 



reference is finished with the address. 

One key to the simple operation of the 8748/8048 chip 
is the straightforward program sequences and timing 
needed for executing an instruction cycle (Fig. 3). Each 
cycle consists of five states. Instruction input is made in 
state 1, and decoding and pc incrementing is made in 
state 2. State 3 starts the beginning of the program 
execution, which can run through states 4 and 5. Simul- 
taneously, the next cycle's program address is made in 
state 3, a pipelining (paralleling) of operations that 
increases device throughput significantly. 

Because the chip is built with depletion-load silicon- 
gate n-channel technology, it operates off a single 5-volt 
supply with inputs and outputs that are compatible with 



both transistor-transistor-logic and complementary me- 
tal-oxide-semiconductor devices. Instruction cycle time 
is a modest 2.S microseconds and power consumption is a 
low 400 mW. Depletion-load techniques also pay off in 
practical chip sizes for volume production; the 8048 also 
is slightly over 200 mils on a side, while the 8748, with 
its big 8-k eprom, is 221 by 261 mils. 

Storing data in the scratchpad is simple, because part 
of the ram can be reserved for one or two banks of 8-bit 
working registers— eight registers per bank (Fig. 4). The 
scratchpad also contains the subroutine address stack, 
which can be eight levels deep. Each location can 
accommodate the 1 2-bit pc and 4-bit status data. 

Since all locations in the stack are indirectly address- 
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7. Going it alone. This one-chip scale controller is made possible by the extensive I/O capability of the 8748 processor, which can 
accommodate a 24-key keyboard and all the interfacing needed to control 14 seven-segment LED arrays, including a decimal point. 



able, the second register bank and any portion of the 
stack may be used for data memory as well. This gives 
the user an option of having the data memory be 32 by 8 
bits if all the stack and both register banks are used for 
program counting and status data, or 56 by 8 bits if only 
one register bank is used. 

Program memory 

The resident program memories on the 8048/8748 
chips are handled so that they can be operated alone for 
programs of 1,024 bytes or less or combined with 
external ROM for expanded systems requiring larger 
programs. The program counter that feeds the memory 
is split into two parts. The low-order 8 bits can either 
address the resident 1-k ROM or be routed externally 
when addressing beyond 1,024 bits. (Since the 8035 
contains no internal ROM, all address fetches are exter- 
nal.) The upper 4 bits of the program counter, located 
near port 2 (see Fig. 2), are gated out on that port for 
external reference. Two of these most significant 4 bits 
are then used for internal addressing requirements. 



There are two ways to expand program memory of the 
MCS-48 family. The special parts such as the 8755 2-k- 
by-8 eprom or 8355 2-k-by-8 ROM may be used. Besides 
i/o lines, they also contain appropriate buffers to demul- 
tiplex the 8-bit bus from the microcomputer chips to 
receive address and send back program-memory instruc- 
tions. Alternately, standard memory parts, such as a 
2708 eprom or 8308 ROM may be used (Fig. 5). An 
external latch, such as the 8212, would latch up the 
address from the bus (via a signal from the 8048 or 
8748) so that data could be returned on the bus. The 
high-order 4 bits of the address do not have to be 
latched, since they are not on the multiplexed bus. 

The alu, in conjunction with the accumulator, 
provides a full array of binary-and-decimal arithmetic, 
logic, shift, and increment/decrement functions. For 
example, the accumulator may be exchanged between 
registers, data memory, and program memory. Both the 
timer/counter and the program-status word are also 
accessible to the accumulator, through a latch that 
facilitates the accumulator source/destination instruc- 
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8. Working together. Proof of the MSC-48's ability to handle large systems is this gas-pump controller. The 8243 I/O expander chips allow 
the processor to interface with 47 lines and a USART communicating with a central control unit inside the service station. 



tions. Here, the alu generates a carry output fully 
accessible to the programer under program control. 

The timer/event counter is an 8-bit register that can 
operate in one of two modes, selectable under software 
control. As a timer, the device measures elapsed time. It 
is fed by the crystal frequency, divided by 280. At 
maximum frequency, the result is about 80 us per 
increment, or about 20 milliseconds over the counter 
range. As an event counter, a test line is designated to 
count to 1 transitions of external events. As many as 
256 transitions may be accommodated. 

Both the timer and the counter indicate overflow by a 
maskable internal interrupt or by a testable flag bit. The 
internal interrupt may also be used to provide the system 
with a second external interrupt. 

The input/output facilities of the 8048/8748 have 
been designed for maximum flexibility and expansion 
and are fully TTL-compatible. The basic facilities consist 
of three 8-bit i/o ports plus three test/interrupt inputs. 

Port 0, called the bus, provides for system expansion. 
In essence, the port makes the bus completely compat- 
ible with an 8080 bus, so that all 8080 peripherals can be 
used with the MCS-48 family. In conjunction with four 
control and strobe lines, the port may be used for 
bidirectional interfacing to memories and l/o elements. 
For free-standing operations, it may be statically latched 



or used as a general input port. 

The remaining two l/o ports, 1 and 2, are termed 
"quasi-bidirectional" (Fig. 6). They allow inputs and 
outputs to be mixed on the same port. When writing a 
(low value) to these ports, the pull-down device sinks the 
ttl load. When writing a 1, a large current is supplied 
through both pull-up devices to allow a fast transition. 
After a short time, they shut off and the pull-up of the 
50-kilohm resistor sustains the 1 level. 

Applying the 8748/8048 

Two applications show the range of complexity that 
can be accommodated with this family. Figure 7 shows 
a typical minimum-chip MCS-48 system, in this case, 
a drum printer controller. The three output ports allow 
the one-chip 8048 to control the printer position, ribbon 
shift, and line feed. Two interface drivers operate the 
solenoids. 

Figure 8 shows a far more complex system, in which 
the MCS-48 implements a low-cost point-of-sale termi- 
nal. The i/o capability of the 8748/8048 chip can be 
expanded to control and monitor many cash-register, 
operations. These might include cash in the drawer, key 
switch, totals, audio indicator, as well as matrix printer, 
cash-register keyboard, seven-segment display, and a 
variety of optional equipment. □ 
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INTRODUCTION 

The INTEL® MCS-48™ family consists of a series 
of seven parts, including three processors, which take 
advantage of the latest advances in silicon techno- 
logy to provide the system designer with an effec- 
tive solution to a wide variety of design problems. 
The significant contribution of the MCS^8 family 
is that instead of consisting of integrated micro- 
computer components it consists of integrated 
microcomputer systems. A single integrated circuit 
contains the processor, RAM, ROM (or PROM), a 
timer, and I/O. 

This application note suggests a variety of applica- 
tion techniques which are useful with the MCS^J8. 
Rather than presenting the design of a complete 
system it describes the implementation of "sub- 
systems" which are common to many micropro- 



cessor based systems. The subsystems described are 
analog input and output, the use of tables for 
function evaluation, receiving serial code, transmit- 
ting serial code, and parity generation. After an 
overview of the MCS^8 family these areas are dis- 
cussed in a more or less independent manner. 

THE MCS-48™ FAMILY 

The processors in the MCS-48 family all share an 
identical architecture. The only significant differ- 
ence is the type of on board program storage which 
is provided. The 8748 (see Figure 1) includes 1024 
bytes of erasable, programmable, ROM (EPROM), 
the 8048 replaces the EPROM with an equivalent 
amount of mask programmed ROM, and the 8035 
provides the CPU function with no on board 
program storage. All three of these processors 
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ORL A, R 
ORL A, @R 
ORL A, =data 
XRL A. R 
XRL A, @R 
XRL A, "data 
INC A 
DEC A 
CLR A 
CPL A 
DA A 
SWAP A 
RL A 
RLC A 
RR A 
RRC A 



Add register to A 
Add data memory to A 
Add immediate to A 

Add register with carry 1 

Add data memory with carry 1 

Add immediate with carry 2 

And register to A 1 

And data memory to A 1 

And immediate to A 2 

Or register to A 1 

Or data memory to A 1 

Or immediate to A 2 

Exclusive Or register to A 1 

Exclusive or data memory to A 1 

Exclusive or immediate to A 2 

Increment A 1 

Decrement A 1 

Clear A 1 

Complement A 1 

Decimal Adjust A 1 

Swap nibbles of A 1 

Rotate A left 1 

Rotate A left through carry 1 

Rotate A right 1 

Rotate A right through carry 1 



1 
1 

2 



IN A.P 

OUTL P, A 

ANL P, #data 
5 ORL P. #data 
5 INS A. BUS 
O OUTL BUS, A 
5 ANL BUS, #data 
c ORL BUS, =data 

MOVD A, P 

MOVD P, A 

ANLD P, A 

ORLD P, A 



Input port to A 1 

Output A to port 1 

And immediate to port 2 

Or immediate to port 2 

Input BUS to A 1 

Output A to BUS 1 

And immediate to BUS 2 

Or immediate to BUS 2 

Input Expander port to A 1 

Output A to Expander port 1 

And A to Expander port 1 

Or A to Expander port 1 



INC R 
INC <9>R 



§ DEC R 



Increment register 1 1 

Increment data memory 1 1 

Decrement register 1 1 



JMP addr Jump unconditional 2 2 

JMPP@A Jump indirect 1 2 

DJNZR.addr Decrement register and skip 2 2 

JC addr Jump on Carry = 1 2 2 

JNCaddr Jump on Carry = 2 2 

J Z addr Jump on A Zero 2 2 

JNZ addr Jump on A not Zero 2 2 

u JTO addr Jump on TO = 1 2 2 

2 JNTOaddr Jump on TO = 2 2 

a JT1 addr Jump on T1 - 1 2 2 

JNT1 addr Jump on T1 = 2 2 

JFOaddr Jump on FO = 1 2 2 

JF1 addr Jumpon Fl = 1 2 2 

JTF addr Jump on timer flag 2 2 

JNI addr Jump on INT = 2 2 

JBb addr Jump on Accumulator Bit 2 2 



CALL 

RET 

RETR 



Jump to subroutine 
Return 

Return and restore status 



CLR C 
CPL C 
CLR FO 
CPL FO 
CLR F1 
CPL F1 



Clear Carry 
Complement Carry 
Clear Flag 
Complement Flag 
Clear Flag 1 
Complement Flag 1 



MOV A, R 
MOV A, @R 
MOV A, «data 
MOV R, A 
■ MOV@R,A 
S MOVR,*data 
| MOV @R, #data 
<S MOV A, PSW 
O MOV PSW, A 
XCH A, R 
XCH A,@>R 
XCHD A, @R 
MOVX A,@R 
MOVX @R, A 
MOVP A,@A 
M0VP3 A, @A 



Move register to A 
Move data memory to A 
Move immediate to A 
Move A to register 
Move A to data memory 
Move immediate to register 
Move immediate to data memory 
Move PSW to A 
Move A to PSW 
Exchange A and register 
Exchange A and data memory 
Exchange nibble of A and register 
Move external data memory to A 
Move A to external data memory 
Move to A from current page 



Move to A from Page 3 



MOV A, T Read Timer/Counter 

MOV T, A Load Timer/Counter 

STRT T Start Timer 

STRT CNT Start Counter 

STOP TCNT Stop Timer/Counter 

EN TCNTI Enable Timer/Counter Interrupt 

DIS TCNTI Disable Timer/Counter Interrupt 




Enable external interrupt 
Disable external interrupt 
Select register bank 
Select register bank 1 
Select memory bank 
Select memory bank 1 
Enable Clock output on TO 







NOP 



No Operation 



Mnemonics copyright Intel Corporation 1976 
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operate from a single 5-volt power supply. The 
8748 requires an additional 25-volt supply only 
while the on board EPROM is being programmed. 
When installed in a system only the 5-volt supply is 
needed. Aside from program storage, these chips 
include 64 bytes of data storage (RAM), an eight 
bit timer which can also be used to count external 
events, 27 programmable I/O pins and the processor 
itself. The processor offers a wide range of instruc- 
tion capability including many designed for bit, 
nibble, and byte manipulation. The instruction set 
is summarized in Figure 2. 

Aside from the processors, the MCS^t8 family 
includes 4 devices: one pure I/O device and 3 com- 
bination memory and I/O devices. The pure I/O 
device is the 8243, a device which is connected to a 
special 4 bit bus provided by the MCS4-8 processors 
and which provides 1 6 I/O pins which can be pro- 
grammatically controlled. 

The combination memory and I/O devices consist 
of the 8355, the 8755, and the 8155. The 8355 
and the 8755 both provide 2,048 bytes of program 
storage and two eight bit data ports. The only 
difference between these devices is that the 8355 
contains masked program ROM and the 8755 con- 
tains EPROM. The 8155 combines 256 bytes of 
data storage (RAM), two eight bit data ports, a six 
bit control port, and a 14 bit programmable timer. 

Figure 3 shows the various system configurations 
which can be achieved using the MCS^-8 family of 
parts. It should also be noted that eight of the pro- 
cessors' I/O lines have been configured as a bidirec- 
tional bus which can be used to interface to stan- 
dard Intel peripheral parts such as the 825 1 USART 
(for serial I/O), the 8255A PPI (provides 24 I/O 
lines) and the complete range of memory compo- 
nents. 

More detailed information concerning the MCS^t8 
family can be obtained from the "MCS4-8 Micro- 
computer User's Manual" which provides a com- 
plete description of the MCS^l-8 family and its 
members. A general familiarity with this document 
will make the application techniques which follow 
easier to understand. 

ANALOG I/O 

If analog I/O is required for a MCS^48™ system 
there are many alternatives available from the 
makers of analog I/O modules. By searching through 
their catalogs it is possible to find almost any combi- 
nation of features which is technically feasible. Per- 
haps the best example of such modules are the MP- 
1 and MP-20 hybrid modules recently introduced 
by Burr-Brown Research Corporation. The MP- 10 
provides two analog outputs and the MP-20 pro- 
vides 16 analog inputs. Both of these units were 



[ 1 Number of Available Timers 
( ) Number of Available I/O Lines 
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Figure 3. The Expanded MCS-48™ System 



specifically 
processors. 



designed to interface with micro- 



A block diagram of the MP-1 is shown in Figure 4. 
It consists of two eight bit digital to analog conver- 
ters, two eight bit latches which are loaded from 
the data bus, and address decoding logic to deter- 
mine when the latches should be loaded. The D/A 
converters each generate an analog output in the 
range of 10 volts with an output impedance of 1£2. 
Accuracy is ±0.4% of full scale and the output is 
stable 25usec after the eight bit binary data is 
loaded into the appropriate la tch . The latches are 
loaded by the write pulse (WR) whenever the 
proper address is presented to the MP-10. The 
lower two addresses (Ao and Ai) are used inter- 
nally by the device. Addresses A2 & A3 are com- 
pared with the address determination inputs B2 
and B3. If their signals are found to be equal, and 
if addresses A4-A13 are all high, then the device 
is selected and one of the latches will be loaded. 
Address bit Ai selects between output 1 and out- 
put 2. If address bit Ao is set then the initializa- 
tion channel of the DIA is selected. In order to 
prepare for operation a data pattern of 80h must 
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ANALOG OUT 



ANALOG OUT 



Figure 4. MP-10 Block Diagram 



be output to this channel following the reset of the 
device. 

A block diagram of the MP-20 analog to digital 
converter is shown in figure 5. This unit consists 
of a 16 input analog multiplexer, an instrumenta- 
tion amplifier, an eight bit successive approxima- 
tion analog to digital converter, and control logic. 
The 16 input multiplexer can be used to input 
either 16 single ended or 8 differential inputs. 
The output from the multiplexer is fed into the 
instrumentation amplifier which is configured so 
that it can easily be strapped for single ended 0-5 
volt inputs, single ended +5 volt inputs, or differen- 
tial 0-5 volt signals. Provisions are made for an 
external gain control resistor on the amplifier. The 
gain control equation is: 



G= 2 + 



50kfl 
Rext 



With no Rext (Rext = °°) tne gain is two and the 
input is 0-5 or ±5 volts full scale. Adding an exter- 
nal resistor results in higher gain so that low level 
(+50mV) signals from thermocouples and strain 
gauges can be accommodated. The output from 
the amplifier is applied to the actual A/D con- 
verter which provides an eight bit output with 
guaranteed monotonicity and an accuracy of ±0.4% 
of full scale. Note that this accuracy is specified 
for the entire module, not just for the converter 
itself. The control logic monitors address lines 
A15 through A4 to determine when the address of 
the unit has been selected. An address that the unit 
will respond tojs determined by 1 1 address control 
pins, labeled A4 through A14. If one of these pins 
is tied to a logic then the corresponding address 
pin must be high in order for the unit to be selected. 
If the pin is tied to a logic 1 then the corresponding 
address pin must be low. If the address of the 
module is selected when MEMR pulse occurs, the 
lower four addresses (A3-A0) are stored in a latch 
which addresses the multiplexer. The coincidence 
of the proper address and MEMR also initiates a 
conversion and gates the output of the converter 
on to the eight bit data bus. 

The control logic of the MP-20 was designed to 
operate directly with an MCS-80™ system. When a 
MEMR occurs and a conversion is initiated the MP- 
20 generates a READY signal which is used to 
extend the cycle of the 8080A for the duration of 
the conversion. READY is brought high after the 
conversion is complete which allows the 8080A 
to initiate a conversion and read the resulting data 
in a single, albeit long, memory or I/O cycle. The 
conversion time of the MP-20 depends on the gain 
selected for the amplifier. With no external resistor 
(R = °°) the gain is two and the conversion time is 
3 5 /isec. For R = 5 1 0i2 the gain is : 



EXTERNAL 
GAIN CONTROL 
RESISTER 




A 3 A 2 A,A 



Figure 5. MP-20 Analog Subsystem 



.51kfi 



and the conversion time becomes lOOpsec. These 
settling times are specified in the MP-20 data sheet 
and range from 35 to 175 microseconds. The 
READY timing is controlled by an external capa- 
citor. For a gain of 2 no external capacitor is 
required but if higher gains are selected a capacitor 
is needed to extend the timing. 

A schematic showing both the MP-10 D/A and the 
MP-20 A/D connected to the 8748 is shown in 
Figure 6. This configuration, which consists of 
only four major components, gives an excellent 
example of what modern technology can do for 
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the system designer. The four components provide: 

a. An eight bit microprocessor 

b. 64 bytes of RAM 

c. 1024 bytes of UV erasab 

d. A timer/event counter 

e. 16 digital I/O pins 

f. 2 testable input pins 

g. An interrupt capability 

h. 16 eight bit analog inputs 

i. 2 eight bit analog outputs 

The MCS-48 communicates with the D/A and A/D 
converters in a memory mapped mode (i.e., it treats 
the devices as if they were external RAM). By set- 
ting an address in either Ro or Rj and then execut- 
ing a MOVX the software can transfer data between 
the accumulator and the analog I/O. When the 
MCS-48 executes the MOVX instruction it first 
sends the eight bit address out on the bus and 
strobes it into the 8212 latch with the ALE (Address 
Latch Enable) signal. After the address is latched, 
the MCS-48 uses the same bus to transfer data to 
or from the accumulator. If data is being sent out 
(MOVX 3Rj, A) the WR strobe is used; if the data 
is being moved into the accumulator (MOVX A, 
9Rj ) the RD strobe is used. The one shots on the 
WR line are used to delay the write strobe of the 
MCS-48 to meet the data set up specifications of 
the MP- 10. 

In order to provide reset capability for the analog 
devices without dedicating an I/O pin from the 
MCS-48, special addresses are used as reset channels. 
Executing any MOVX with an address of OXXXXXXX 
will reset the A/D module; a similar operation with 
an address of X1XXXXXX will reset the D/A; a 
MOVX with an address of 01XXXXXX will reset 
both devices. All data transfers are accomplished 
with the upper two bits of the address field equal 
to 10. A summary of the addressing of the analog 
devices is shown in Table 1 . Notice that except for 
an initialization channel for the D/A (which must 

Table 1. Analog Interface Addresses 



INPUT OR OUTPUT 


OXXX 
X 1 X X 


X X X X Reset A/D 
X X X X Reset D/A 


INPUT 


011 


n n n n Read A/D Channel nnnn 


OUTPUT 


10 11 
10 11 
10 11 


00 1 Initialize D/A 
Write Channel 1 
10 Write Channel 2 



be written to following a reset to initialize its 
internal logic) all channels involve some form of 
data transfer. 

As was mentioned previously, the MP-20 was 
designed to use the READY line of the 8080A. 
Obviously this presents a problem since the MCS- 
48 does not support a READY line (with its 
attendant requirement of entering WAIT state). 
The necessity of a READY input can be overcome 
by performing a read operation to set the channel 
address, waiting the required delay (35 //sec for a 
gain of two) and then performing a second read to 
actually obtain the data. The second read will read 
in the data from the channel selected by the first 
read irrespective of the channel selected for the 
second read. Thus it is possible to use the second 
read to set up the channel for the third read. Each 
read can read in the current channel and select the 
next channel for conversion. 

The MP-20 is shown in Figure 6 strapped to input 
1 6 single ended ±5 volts signals. Programs which 
were used to test this configuration are shown in 
Figure 7. The first of these programs uses the D/A 
converter to generate sawtooth waveforms by 
outputting an incrementing value to the D/A 
converters. The second program scans the analog 
inputs and stores their digital values in a table 
located in RAM. 





1 



3 ; TEST PROGRAM FOR ANALOG OUTPUT 

A ; THIS PROGRAM OUTPUTS A SAU- 

S i TOOTH WAVEFORM 8Y OUTPUT I NG 

G | AN INCREMENTING PATTERN. 

i i 



13 1NITCH EQU 
M INITDT EQU 
IS DATCH EQU 



; D/A INITIALIZATION CHANNEL 
1 ^{ TI J LIZflTIDN MTfl 



START OF TEST 



mi i 
■ us I 



MOW 
MQV 
MOVX 



A, J» 1HITDT 
R», J» INITCM 
@R0,A 



I INITIALIZE D/A 



MOVX &RI.A 
-MP LOOP 



Figure 7a. D/A Exercise Program 



All mnemonics copyrighted © Intel Corporation 1976. 
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SOURCE STATEMENT 



l ; TEST PROGRAM FDR ANALOG INPUT 
i THIS PROGRAM SCANS THE INPUT CHANNELS 
: AND STORES THE READINGS IN A TABLE 
STARTING AT BUFF. 



II j EQUATES 



■121 


13 BUFF 


EQU 


2«H 


START OF BUFFER 


IMF 


14 MAXCH 


EOU 


15 


NO OF ANALOG INPUTS 


IIM 


15 A INCH 


EQU 


IB4H 


BASE ADDRESS OF ANALOG 


■ 115 


16 TICK 


EOU 


S ; 


EXECUTION TIME OF DJNZ 




17 










IB : 










19 ; START OF TEST 
















111! 


21 


ORG 


1IIH 






22 




; 


SETUP TO SCAN ANALOG IN 


■Ill B92F 


23 START : 


MOV 


RI.XBUFF-MAXCH 


■112 BSflF 


24 


now 


R3, B MAXCH 


• i»4 86 BF 


25 


MOV 


Rl , 8 (AINCH'MAXCH) 




26 






SELECT CHANNEL 15 


lire ei 


27 


MOVX 


A, OR* 






26 






WAIT HI MICROSECONDS 


■ 117 BCIB 


29 


MOV 


R4,#4I/TICK 


■113 ECI9 


31 


DJNZ 


R4.S 






31 






NOW SCAN ANALOGS 


I1IB C8 


32 LOOP: 


dcc 


Rl 






33 






GET DATA 


11 IC 81 


34 


MOVX 


A, QRI 






35 




I 


MOVE INTO BUFFER 


HID A1 


36 


MOV 


9RI.A 






37 






DECREMENT BUFFER POINT 


HIE C9 


38 


DEC 


tl 






39 






PAD 21 MICROSEC 


■Iff BC«4 


41 


MOV 


R4.K2I/TICK 


• in ecu 


41 


DJNZ 


R4.S 






42 






LOOP UNTIL DONE 


■113 EBIB 


43 


DJNZ 


R3.L00P 






44 






REPEAT TEST FOREVER 


• 115 2411 


45 


JMP 


START 






46 






END OF PROGRAM 




47 


END 







Figure 7b. A/D Exercise Program 



TABLE LOOKUP TECHNIQUES 

In the previous section the interface between analog 
I/O devices and the MCS-48™ was discussed. In 
many applications involving analog I/O one quickly 
finds that nature is inherently nonlinear, and the 
mathematics involved in 'linearizing it' can tax the 
computational power of the microprocessor, partic- 
ularly if it has other tasks to perform. Problems 
of this nature are good candidates for the use of 
tables. 

As an example of how tables can be used as part of 
an analog output scheme, consider a system which 
requires an MCS-48 to output a variable frequency 
sinusoidal waveform. One method of performing 
this function would be to use the timer to generate 
an interrupt at a fixed rate of 256 times the desired 
output frequency. At each interrupt the appropriate 
value of the sine function could be calculated from 
the MacLaurin series: 



3 5 7 
Sinx = x- j|+j|-7, 



j-dc x 2k +1 



(2K+ 1)! 



Where K is chosen to be large enough to provide 
the required accuracy. 

All mnemonics copyrighted © Intel Corporation 1976. 



The above calculation, although conceptually 
simple, would be time consuming and would 
severely limit the possible output frequencies which 
could be obtained. As an alternative to calculating 
these values in real time, the values could be precal- 
culated off line and stored in a table. Upon each 
interrupt the MCS-48 would merely have to retrieve 
the appropriate value from the table and output 
it to the D/A converter, the MCS-48 provides a 
special instruction which can be used to access 
data in a table. If the table is stored in the last 256 
bytes of the first kilobyte of MCS-48 memory 
then the table lookup can be performed by loading 
the independent variable (time in this case) into 
the accumulator and executing the instruction. 

MOVP3 A, @ A 

This instruction uses the initial contents of the 
accumulator to index into page 3 of program 
storage. The location pointed to is read and the 
contents placed in the accumulator. If (as is often 
the case) a table of fewer than 256 entries is 
required, then the table can be located in any page 
of program memory and the instruction: 

MOVP A, @ A 

can be used to retrieve data from the table. This 
instruction operates in the same manner as does 
the previous instruction except that the current 
page of program storage is assumed to contain 
the table. 

If it is possible to devote slightly more of the 
microprocessor's time to the table look up process, 
then a much smaller table can often be utilized by 
taking advantage of interpolation to determine 
values of the function between values which are 
actual entries in the table. As an example of this 



FLOWMETER 



FLOW METER 



Figure 8. Flow Monitoring System 



process consider the hypothetical system shown in 
Figure 8. The purpose of this system is to measure 
the flow through the three pipes, add them, and 
display the total flow on the control panel. The 
system consists of three flow meters which generate 
a differential voltage which is some function of 
flow, an A/D system with at least three differential 
inputs, an MCS-48, and a control panel. The 
schematic shown in Figure 6 could easily become 
part of this system, with the spare digital I/O of 
the MCS-48 used as an interface to the control 
panel. The simplicity of this system is clouded by 
the flow transducers, which are assumed to be not 
only nonlinear but also to require individual cali- 
bration (this is not an unreasonable assumption for 
a flow transducer). By using a table look up process 
and an 8748 the flow transducers can be calibrated 
and the results of the calibration tests stored 
directly in tables in the 8748. (The 8748 has a 
PROM in place of the ROM of the 8048 and thus 
makes such 'one off programming practical.) 

The results which might be obtained from calibra- 
ting one of the flow meters is shown in Figure 9. 
The results are plotted as gals/hour versus the 
measured voltage generated by the transducer. The 
voltage is shown in hexadecimal form so that it 
corresponds directly to the digital output of the 
analog to digital converter. The flow required to 
generate seventeen evenly spaced voltages (0H-1 00H 
in steps of 10H) has been measured and plotted. 
This information is shown in tabular form in 
Figure 10. It is necessary to generate a program 
which will convert any measured input from 00H 
to FFH into the flow in units which can be inter- 
preted by a human operator. This can easily be 
done by simple interpolation. 




Figure 9. Flow Calibration Curve 
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Figure 10. Tabulated Flow Data 



The eight bits of independent variable (voltage) can 
be looked on as two four bit fields. The most signi- 
ficant four bits (7-4) will be used to retrieve one of 
the table values. The lower four bits (3-0) will be 
used to interpolate between this value and the 
value retrieved from the next higher location in the 
table. If the upper four bits are given the symbol I 
and the lower four bits the symbol N, then the 
interpolation can be expressed as: 

F(x) = F(I) + ^ [F(I+D- F(I)] 

Where x is the measured voltage and F(x) is the 
corresponding flow. 

If, as an example, the transducer voltage was 
measured as 48H then the flow (ref. Figure 10) 
would be: 

F = 30 + (34-30) = 32 

A subroutine which implements this calculation is 
shown in Figure 1 1 . Before it is called the indepen- 
dent variable (V) is placed in the accumulator and 
register Rl is set to point at the first value in the 
table. Aside from simple additions and subtractions 
the only arithmetic required is to multiply two 
values and then divide them by 16. The multiplica- 
tion is handled via a subroutine which is also 
shown in Figure 1 1. The division by 16 can be per- 
formed by a four place right shift followed by a 
rounding operation. The routine shown will handle 
a monotonic increasing function of a single inde- 
pendent variable. Fairly simple modifications are 
required for nonmonotonic functions. Functions 
of two variables can be handled by interpolating on 
a plane rather than along a straight line. Although 
this is more time consuming, requiring an inter- 
polation for each of the independent variables and 
a third to interpolate the final answer, it still 
provides a simple means of quickly calculating the 
required function. The use of tables can offer a 
powerful technique for function evaluation to the 
designer. 

RECEIVING SERIAL CODE-BASIC 
APPROACHES 

Many microprocessor based systems require some 
form of serial communication. Serial communica- 
tion is extensively used because it allows two or 
more pieces of equipment to exchange information 
with a minimal number of interconnecting wires. 
The minimization of interconnecting wires results 
in simpler, cheaper, interconnects because fewer 
(or smaller) cables and connectors are required. 
Since the required number of drivers and receivers 
required is reduced, it can become economically 
feasible to provide much higher noise immunity 
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SOURCE STATE!* NT 



SOURCE STATEMENT 



RET 



AT ENTRY R1 POINTSAT TABLE 

A HAS INDEPENDENT VARIABLE 



I ; MULTIPLY 

I t 

! 

J MULT: MOV 
I MOV 

5 LOOPA: CLR 



; SET UP COUNT AMD AEK 
COUNT , #8 
AEX.S8 

; CLEAR CARRY 

C 

; IF MULTIPLIER (8) O 1 THEN SHIFT PRODUCT 



eeea 


12 RX0 


EQU 


R0 


POINTER 8 


■122 122B 


68 LOOPB: 


JBfl 


SSUM 




■■■1 


13 RJM 


EOU 


R1 ; 


POINTERl 


■124 2A 


69 


XCH 


A, AEX 




0002 


14 AEX 


ECU 


R2 ; 


EXTENSION OF A REGISTER 


8125 67 


71 


RRC 


A 




8083 


15 COUNT 


EQU 


R3 | 


COUNTER 


0126 2A 


71 


XCH 


A, AEX 




0804 


16 TEMP 


EQU 


R4 


TEMP STORAGE 


8127 67 


72 


RRC 


A 






17 










73 




! 


LOOP UNTIL DONE 




18 ; 








8128 EB2? 


74 


DJN2 


COUNT, LO 


OPB 




19 ; APPROXIMATION 






B12A 83 


75 


RET 








20 ; 
















ELSE ADD MULTIPLIER 












012B 2A 


77 SSUM' 


XCH 


A. AEX 




■ 111 


22 


ORG 


1B8H 




B12C 60 


78 


ADD 


a,@rxi 






23 






POINT RXB AT TEMP 


81 2D 67 


79 


RRC 


A 




0100 B804 


24 APPROX: 


MOV 


RX0,«TEMP 


B12E 2A 


80 


XCH 


A, AEX 






25 






TEMP-N AND IFH 


B12F 67 


81 


RRC 


A 






26 






A-P AND 0FH 










; LOOP UNTIL DONE 


0102 B000 


27 


MOV 


©RXfl.BB 




0131 EB21 


83 


DJNZ 


COUNT, LOOPA 


1114 31 


26 


XCHD 


A.@RX0 




B132 83 


84 


RET 






1115 47 


29 




A 
















31 






RX 1 -BASE* A 




86 








0116 63 


31 


ADD 


A.RX1 






87 ; 








•117 A9 


32 


MOV 


RX1.A 






88 ; TABLE 


TO TEST PROGRAM 






33 






RX1-TABLECP> 




89 ; 










34 






A-TABLE(P*1) 




90 








01IB E3 


35 


MQVP3 


A, OA 




1380 


91 


DRG 


38IH 




0109 29 


36 


XCH 


A.RX1 






92 








010A 17 


37 


[NC 


A 




8388 88 


93 TABLE: 


D8 


■ I 


; THIS TABLE IS FROM 


010B E3 


38 


MOVP3 


A, OA 




8381 8A 


94 


DB 


11 






39 






A-TABLE (P* 1 >-TABLE(P) 


8382 16 


95 


DB 


22 




01IC 37 


41 


CPL 


A 




B3S3 1A 


96 


DB 


26 




010D 69 


411 


ADD 


A.RX1 




B3B4 1E 


97 


DB 


3B 




I10E 37 


42 


CPL 


I 




0385 22 


98 


DB 


34 






43 






A-N*A/1G 


0386 26 


99 


DB 


38 




010F 31 ID 


44 


CALL 


MULT 




0387 28 


IM 


DB 


48 




0111 B802 


45 


MOV 


RX0.SAEX 




0388 29 


ill 


D8 


41 




0113 30 


46 


XCHD 


A,@RX0 




■389 2A 


112 


DB 


42 




0114 47 


47 


SWAP 


A 




038A 2B 


113 


DB 


43 




01 IS 2A 


48 


XCH 


A, AEX 




038B 2D 


114 


DB 


45 




8116 7219 


49 


JB3 


ADJUST 




038C 38 


115 


DB 


48 




■118 2A 


51 


XCH 


A, AEX 




038D 31 


106 


DB 


49 




8119 2A 


51 ADJUST : 


XCH 


A, AEX 




038E 3S 


117 


DB 


S3 




■11A 17 


52 


INC 


A 




038F 38 


tie 


DB 


56 






53 






A"A*TABL£tP) 


0390 3F 


189 


DB 


63 




01 IB 69 


54 


ADD 


A,RX1 






111 










ss 






RETURN 




111 


END 







Figure 11. Table Lookup With Interpolation 



with more sophisticated (and expensive) line 
terminators. The final, and usually most persua- 
sive, argument in favor of serial communication 
is that it may be the only method available to 
accomplish the job. The obvious example of 
this is telecommunications where it is necessary 
to encode parallel information into serial format 
in order to communicate via the telephone net- 
work. The intent of this section is to show how 
the facilities of the MCS-48™ can be brought to 
bear on the problem of serial communication. 



1 i — i — i — i — i 1 — i 1 — r 

| | Dl | D2 ( D3 | Qd | D5 | D6 | D7 | D8 | 

Figure 12. Serial ASCII Code 



Probably the most common form of serial com- 
munication is that used by the obiquitous Teletype- 
serial ASCII. This format, shown in Figure 12, con- 
sists of a START bit (0 or SPACE) followed by 
eight data bits which are in turn followed by two 
STOP bits (1 or MARK). In actual practice the 



eighth data bit usually consists of even parity on 
the remaining seven data bits; for the purposes of 
this discussion the eighth bit will be considered 
only as data. A minor variation of this format 
deletes one of the STOP bits. An algorithm which 
might be used to sample serial data under software 
control using a microprocessor is shown in Figure 
13. Thj basic intent of this algorithm is to mini- 
mize the effects of distortion and transmission rate 
variations on the reliability of the communication 
by sampling each data bit as close to its center as 
possible. Upon entry to this routine the software 
first samples the incoming data in a tight loop until 
it is sensed as a MARK (logical one). As soon as a 
MARK is detected, a second loop is entered during 
which the software waits until the received data 
goes to a SPACE (logical zero). The purpose of this 
construction is to detect as accurately as possible 
the leading edge of the START bit. This instant of 
time will be used as a reference point for sampling 
all of the following bits in the character. After 
sensing the leading edge of the START bit a wait 
of one half the expected bit time is implemented. 
The period of the incoming signal is called P for 
convenience. At the end of this wait the serial line 
is tested-if it is MARK then the START bit was 
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(SERIAL IN 
A J 




Figure 13. Sample Serial Input Routine 



the processor will spend only a 1 OOj/secs or so pro- 
cessing data and the rest of the 1 00 millisecs wait- 
ing to do the processing at the right time. This lack 
of efficiency (approximately 0. 1 %) in the utilization 
of processing power is why devices such as the 
8251 USART find broad application in micro- 
processor systems. 



SOURCE STATEMENT 



SIMPLE SERIAL INPUT 
-THIS CODC ASSUMES RXD IS 
CONNECTED TO PIN TB 



0002 
0006 
0002 
0BA4 

0100 

0100 2600 
0102 3G02 
0104 34 1C 
0106 3600 
0108 BA03 



12 COUNT EOU 

13 BITNO EOU 

14 DLYHI EQU 

15 DLVLO EQU 
M 

17 ORG 
18 

19 SERIN : JNTB 



: COUNTER 

i NO OF BITS TO RECEIVE 

; HI DLV COUNT 

; LO DLV COUNT 



i LOOP UNTIL RXD "MARK 
i NOW LOOP UNTIL RXD-SPACE 
; WAIT 1/2 BIT TIME 
i IF FALSE START REiNTIALIZE 



MBIT 

SERIN 

; ELSE SET BIT COUNT 
COUNT , n BITNO* 1 

j WAIT 1 BIT TIME 

MBIT 
KBIT 

; DECREMENT COUNT 

; -IF ZERO EXIT WITH CARRY SET ON 

i -FRAMING ERROR 
COUNT, LOAD 
C 

EXIT 



lull 

II IA 24BA 



48 LOAD: CLR 

41 JNTB 

42 CPL 

43 LLLA: RRC 
44 

45 JMP 



LLLA 
C 



47 ; 

48 i DELAY ONE HALF BIT T [ME 



invalid and the process is reinitialized. If the line is 
still a SPACE, then the START bit is assumed to 
be valid and a delay of one bit time is started. At 
the completion of the delay the first data bit is 
sampled and a new delay of one bit time is initiated. 
This process is repeated until all eight data bits 
have been sampled. The last bit sampled is checked 
to determine if it is a valid STOP bit (a MARK). If 
it is, the character is assumed to be valid; if it is 
not, the character has a framing error and is pro- 
bably invalid. A listing of a program which imple- 
ments the above procedure is shown in Figure 14. 

A disadvantage of the approach outlined in Figure 
13 is that while the processor is inputting data 
serially it must totally dedicate itself to this task. 
Accurate timing can only be maintained if the 
program remains in a tight wait loop without 
allowing itself to be diverted to other functions. 
During reception of a character from a Teletype 
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811C BC82 

SHE BBA4 
8128 EB2B 
B122 EC1E 
8124 83 



58 

SI 

52 HBIT: MOV 



; SET UP LOOP 
R4.# DLYHI 

; LOOP UNTIL TII4C DONE 

54 HL00P: MOV R3,» DLVLO 

55 DJNZ R3.S 

5G DJNZ R4.HL00P 

57 RET 

58 ; END OF PROGRAM 

59 END 



Figure 14. Simple Serial Input 



The 8251 USART is simple to interface to the 
MSCM8. Figure 15 shows such an interface. The 
USART requires a high speed clock (CLK), an ini- 
tilization signal (RESET), data clocks (TxC and 
RxC), and data in order to operate. A circuit 
showing the connection of an 8748 to an 8251 
USART is shown in Figure 15. In the circuit shown 
the high speed clock (which is used for internal 
sequencing by the USART) is provided by con- 



p 20 



20 



ALE 
PROG 



RESET 

x 



cs 


V CC 






RESET 




WR 


DSR 


RD 


DTR 


D37 


CTS 


DB6 


RTS 


D B5 825 




DB4 


TiD 


DB3 




DB2 




Pbi 
Dbo 


R x D 




T N C 




R x C 


CLK 





3b 



r>*-i 

If 



7404 

+5V 



DC BAP 



8 8 
~6"t> 6 
0-0-0-0 



+bV 



0-0-0 



1 



OOOO CLR 



11 |l2 13 14 |l 
' »5V 



'install Jumper for 1 10 Baud Operation (+1 1 1 

Figure 15. MCS-48™ to 8251 Interface 



necting the CLK signal of the USART to the To 
pin of the MCS-48. The To pin of the MCS-48 
can either be used as a directly testable input pin 
or it can become, under program control, an out- 
put pin which oscillates at one third of the crystal 
frequency. (Note that once this pin is designated 
by the software to be an output it will remain so 
until the system is reset.) In Figure 1 5 the crystal 
frequency is 5.9904 MHz so the clock provided to 
the 8251 is 1.9968 MHz, which conforms to its 
specifications. 

The initialization signal to the USART (RESET) is 
provided programmatically by manipulation of bit 
5 of port 2. It was necessary to place the reset of 
the 8251 under program control for two reasons. 
The first reason is that the MCS^-8 does not supply 
a reset signal to other devices. The reason for this is 
that it was felt to be more useful to provide another 
pin of I/O function instead of a RESET OUT signal 



from the MCS-48. Although this situation could 
have been circumvented by the use of an externally 
generated reset which drove both the MCS-48 and 
the 8251 , the second reason for program control of 
the reset to the USART still stands. The USART 
requires the presence of the CLK signal during 
reset in order to properly initialize itself. The 
ENTO CLK instruction which the MCS-48 must 
execute before the 8251 will receive the CLK can 
obviously not be executed until after the system 
reset has ended. Reset of the USART can be 
accomplished by the following code segment: 



ENTO CLK 

ORL P2,#00100000B 

MOV R2, #DELAY 

LOOP: DJNZ R2.LOOP 

ANL P2,#11011111B 



;TURN ON CLOCK 
; START RESET 
; DELAY USART 
; RESET TIME 
; END RESET 



This code first enables the clock, then asserts the 
reset signal of a time period determined by the 
constant DELAY. The delay invoked is (10 + 
5*DELAY) microseconds for DELAY >0. The 
USART requires a reset of approximately 6 CLK 
periods so DELAY is chosen to be 1 which ensures 
adequate reset timing. Note that for delays this 
short, NOP instructions could also be used to time 
the pulse. 

The data clocks required by the USART are pro- 
vided by the modem if the USART is operated in 
the synchronous mode. In the more common 
asynchronous mode, however, these clocks must 
be provided by circuitry associated with the 8251. 

The 5.9904 MHz crystal was chosen because the 
resulting 1 .9968 MHz clock to the USART can be 
evenly divided to provide transmit and receive 
clocks to the USART. Assuming the USART is in 
the xl6 mode (i.e. it requires data clocks 16 times 
the baud rate) the 1 .9968 MHz signal can be divided 
by 13 to generate the proper clock rate for 9600 
baud operation. This 9600 baud clock can be 
further divided to give 4800, 2400, 1200, 600, and 
300 baud signals. The 1200 baud signal can be 
divided by 1 1 to give a 109.1 baud signal which is 
within 1% of the 1 10 baud required by Teletypes. 

The MCS^t8 communicates with the 8251 in a 
memory mapped mode (i.e. as if the 8251 were 
external RAM). The instructions available to do 
this are MOVX 3Rj, A which stores the contents of 
the accumulator at the external RAM location 
addressed by Rj 0=0 or 1), and its complement, 
the MOVX A, @ Rj instruction which moves data 
from the external RAM into the accumulator. 
Since the MCS-48 multiplexes addresses and data 
on the same eight bit bus an external latch would 
be required in order to address the USART with 
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2 s THIS CODE INTIALIZES THE USART 

3 i AND TRANSMITS AN INCREMENTING 

A ; PATTERN. HARDWARE SHOWN IF FIG 15. 



B87F 
1111 
IIBF 



• tB3 BA81 
81 95 EAB5 

• 117 9ADF 



B1IC 23CE 
■ HE 91 
B1BF 2321 
■111 91 



•112 237F 
■114 3A 
■115 88 
■lie S7 
•117 ES12 
■119 F9 
• 11A 9AEF 
•11C 9» 
BHD 19 
•11E 2412 



I MCLR EQU 

• DLY EQU 

) UCON EQU 

I MODE EQU 

> CMD EQU 

i STAT EQU 

' VAL EQU 

i MASK EQU 
) 

I ORG 



23 TEST : ENTI 



; USART RESET ADDRESS 

; USART RESET DELAY 

; USART CONTROL ADDRESS 

; USART MODE 

j USART CMD 

; USART STATUS 

! lllloZSW TO DATA 



MOV 
DJHZ 



MOV 
MOVX 
MOV 
MOVX 



MOV 
OUTL 
MOVX 
RRC 



cue 

P2,#MCLR 
R2,#DLY 
R2.LOOP 

P2 , B (NOT MCLR) 



A.tfUCON 
P2,A 

; SEND MODE AND COMMAND 
A, #MODE 

@RB,A ; (CONTENTS OF Rl UN I IMPORTANT) 

A, ffCMD 

©RB.A 

; DO FOREVER 

i SELECT USART STATUS 
i IF TXRDY-1 THEN 

i DO; 

; OUTPUT VALUE; 

; INCREMENT VALUE; 



; (CONTENTS OF RB UNIMPORTANT) 



TLP 
A, VAL 
P2, If MASK 
«M,A 

VAL 



TLP 



: END OF PROGRAM 



Figure 16. 8251 Test Program 



.„ * ^-^w t j in uiuci io inaxe use 

of RO or Rl to address the USART is shown in 
Figure 17. Note that only the changes to Figure 15 
are shown. The additional component required is 
the 8212 eight bit latch. This latch is loaded, when- 
ever a valid address is on the bus by the Address 
Latch Enable (ALE) signal provided by the MCS- 
48. During an external read or write cycle this 
address is used to address the 8251 in a linear 
select mode. In the circuit shown, the 8251 will be 
selected by any address with bit 1 a logical zero 
(XXXXXXOX) and the selection of control or data 
transfer (C/D) will be based on bit zero of the 
address obtained from RO or Rl. Figure 18 shows 
the program of Figure 16 modified to utilize the 
addressing inherent in the MOVX instructions. 



RO or Rl. In order to minimize the circuitry in 
Figure 15 an approach utilizing some of the I/O 
pins of the MCS-48 to address the 8251 was chosen 
instead. By connecting the chip select (CS) input 
of the 825 1 to bit 7 of port 2 (P27) and similarly 
connecting the C/D address line of the 825 1 to bit 
6 of port 2 (P26) it is possible to address the 8251 
without using RO or Rl. The instruction sequence 
to access the 8251 is to first reset P27 and set P26 
to the appropriate state, use a MOVX instruction to 
perform the appropriate operation, and then 
finally set P27 to deselect the 8251. As a concrete 
example of this addressing, Figure 16 shows the 
code necessary to initialize the 8251 and output an 
incrementing test pattern on a status driven basis. 

If more than one 8251 were to be added to the 
MCS-48, or if other types of peripheral circuitry 
would be required (e.g. an 8253 timer to generate 
the data clocks) it would probably become desirable 
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WB 




SB 




ALE 




8746 




°7 




°6 




°S 




04 




°3 




°2 




°1 




°0 







Br, 




MD 

82 

DS 2 




7 


oi 8 


D0 S 


Dt, 


D0 7 


°<S 


00 6 


Otj 


D0 5 


di 4 


D0 4 


t»3 


D0 3 


Dl 2 


D0 2 


ol 1 


00 1 



DB, 
DB 



Figure 17. Modified MCS-48 to 8251 Interface 



RECEIVING SERIAL CODE-A MORE 
SOPHISTICATED ALGORITHM 

Although the USART does an admirable job of 
performing the serial I/O function for the MCS- 
48™ , there are some situations where it can not be 
used. These situations may be caused by economic 
factors, such as an extremely cost sensitive design, 
or because the code which must be utilized cannot 
be accommodated by the USART. An example of 
of such a code will be discussed later. Recall that 
the principal objection to the approach to serial 
input shown in Figure 13 was that it consumes 
much of the processor's power by merely spinning 
in loops in order to wait preset time delays. 



; SERIAL TEST 

; THIS CODE INT1AL1ZES THE US ART 
; AND TRANSMITS AN INCREMENT I NO 





4 ; PATTERN. 

5 ; 

6 


HARDWARE SHOWN IF FIG 17. 




8; EQUATES 












1121 


11 MCLR 


EQU 


2IH J USART RESET ADDRESS 


1111 


12 DLY 


EQU 


•1H ; USART RESET DELAY 


• ••3 


13 UCOH 


EQU 


B3H ; USART CONTROL ADDRESS 


MCE 


14 MODE 


EQU 


ICEH ; USART MODE 


■ 121 


15 CMD 


EQU 


21H i USART CMD 


■■■3 


16 STAT 




I3H ; USART STATUS 


000 1 


17 VAL 


EQU 


R1 ; TEST VALUE 


•••• 


18 DATA 




•I ; USART DATA ADDRESS 










• 111 






1IIH 








; TURN ON CLOCK 








; AND RESET USART 


•111 75 






CLK 


1111 9A2B 






P2. WMCLR 


■ 113 BAB 1 


fr 


MOV 


R2.#DLY 


■IIS EAB5 


LOOP 


DJNZ 


R2.LOOP 


1117 9ADF 


Li 




P2,«(N0T MCLRJ 




2H 




; SELECT USART CONTROL 


HI9 23« 




MOV 


A.KUCON 




n 




; SEND MODE AND COMMAND 


11 IB 23CE 


31 


MOV 


A, It MO DC 


B1BD 38 


32 


MOVX 


ORI.A ; (CONTENTS DF RB UNIMPORTANT) 


HIE 2321 


33 


MOV 


A, a CMD 


01 1* 91 


34 


MOVX 


®RB , A 




35 




; DO FOREVER 




3C 




i SELECT USART STATUS 




37 




i IF TXRDY'1 THEN 




38 




; 00; 




33 




; OUTPUT VALUE | 




41 




; INCREMENT VALUE; 




41 




END; 




42 




; END; 


1111 2313 


43 TLP: 


MOV 


A, It STAT 


■113 8> 


44 


MOVX 


A,@RB ; (CONTENTS OF Rl UNIMPORTANT) 


■114 67 


45 


RRC 


A 


■IIS E6I1 


46 


JHC 


TLP 


•117 F9 


47 


MOV 


A, VAL 


1118 sen 


46 


MOV 


Rl , It DATA 


•11* 9« 


49 


MOVX 


0RI.A 


• 1 IB 19 


Si 


INC 


VAL 


•11C 2411 


SI 


JMP 


TLP 




52 




; END OF PROGRAM 




S3 


END 





Figure 18. Modified 8251 Test Program 



The timer resident on the MCS^t8 provides a solu- 
tion to this problem. Instead of spinning in a loop 
the program can set the timer for a given interval, 
start it, and proceed to other tasks. When the timer 
overflows, an interrupt will be generated to notify 
the software that the present time period has 
elapsed. An extension of the algorithm of Figure 
1 3 which uses the timer in this fashion in shown in 
Figure 19. This algorithm is identical to the preced- 
ing one up until the detection of the leading edge 
of the start bit. At this point the timer is set to one 
half of the bit time (P) and a return is made to the 
calling program which can start additional process- 
ing. At the completion of this time interval a 
timer overflow interrupt is generated. When the 
first interrupt is detected, the serial line is checked 
to ensure that it is in a spacing condition (valid 
START bit). If it is, the timer is set to P (to sample 
the middle of the first data bit) and a return is 
made to the program which was running when the 
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interrupt occurred. If the serial line has returned to 
the MARK state, a status flag is set to indicate an 
error and a return is made. On subsequent interrupt 
detection, the data is sampled, the timer is reiniti- 
ated, and control is returned to the program which 
was running when the interrupt occurred. When 
the last (i.e. STOP) bit is detected a completion 
flag is set and a return is made to the program 
running when the timer overflow occurred. By 
periodically checking the error and completion 
flags the running program can determine when the 
interrupt driven receive program has a character 
assembled for it. 




SET 
COMPLETION 
P LAG 



Figure 19. Improved Serial Input Routine 

Using the timer to implement time delays as shown 
in Figure 19 results in considerable savings in 
processing time; two problems remain, however, 
which must be solved before an adequate software 
solution to the problem of receiving serial code can 
be found. The first problem is that even though the 
delays between bit samples are implemented via 
the timer rather than program loops the loop con- 
struction is still used to detect the leading edge of 
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the START bit. Although this results in the waste 
of processing power, the second problem is even 
more serious. For longer messages the required 
accuracy of the clocks becomes more and more 
stringent. Using the sampling technique discussed 
a cumulative error of one half a bit time in the 
time at which a bit sample is taken will result in 
erroneous reception. The maximum timing error 
which can be tolerated and yet still allow proper 
detection of an 11 bit ASCII character is then: 



Emax 



0.5*BITTIME _0.5P 
CHARACTER TIME 1 1 P 



= 4.5% 



where P is the period of single bit. The correspond- 
ing calculation for a 32 bit character yields: 



Emax : 



0.5P 
32 P 



= 1.6% 



Since this calculation does not allow for distortion 
on the signals, it is obvious that either extremely 
stable clocks will be required or a more tolerant 
algorithm must be devised. This problem is parti- 
cularly serious at relatively high baud rates where 
the resolution of the counter (80Msecs with a 6 MHz 
crystal) becomes a significant percentage of the 
period of the received signal. At the 1 10 baud rate 
of the Teletype the 80jusec resolution of the clock 
allows a maximum accuracy of 0.33%; at 2400 
baud this figure is reduced to 3.8%. 
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Figure 20. Detecting RxD Edges 



Both efficient detection of the start bit and increas- 
ed timing accuracy can be obtained if the MCS-48 
can detect edges on the incoming received data 
(RxD). A hardware construct which allows this 
is shown in Figure 20. 

The received data (RxD) is Exclusive NORed with 
bit seven of port two and fed into the TEST (Tl) 
pin of the MCS-48. By manipulating P27 th e pro - 
gram can now cause Tl to be either RxD or RxD. 
(If P2 7 = 1 then Tl = RxD; if P27 = then Tl = 
RxD.) Note that not only can Tl be tested directly 
by the software but that it is the input which is 
used when the MCS^t8 timer is in the event counter 
mode. The significance of this will be discussed 
later. The relationship between Tl, P27, and RxD 
is given by the Boolean expression: 

Tl = P27 • RxD + P27 • RxD 

Figure 21 flowcharts a means of utilizing this hard- 
ware construct to avoid the necessity of wasting 
time in program loops to detect the leading edge of 
the start bit. The receive operation is initialized 
when the program desiring to receive serial data 
calls the INIT subroutine (Figure 2 1 a). Since INIT 
is going to manipulate the timer the first action it 
performs is to disable the timer overflow interrupt. 
Its next step is to set P27 to a logical 1. Setting 
P27 in this manner caus es the TEST 1 input to the 
MCS^8 to follow RxD. By setting up the receive 
circuitry in this manner a high to low transition 
will occur on TEST 1 when the RxD goes from 
the MARKING to SPACING state (i.e. the START 



( INIT ) 

— r 



DISABLE TOFLO 
1 



P27 = 1 



STRT EVENT CNT 



RDF - 1 



SET BCOUNT 



V 



Figure 21a. Interrupt Driven Serial Receive Flowchart 
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Figure 21b. Interrupt Driven Serial Receive Flowchart 



( 5TART ) 




( EXT ) 



bit occurs). By setting the timer to OFFh and 
enabling it in the event count mode, the INIT 
routine sets up the MCS48 to generate a timer 
overflow interrupt on the next MARK to SPACE 
transition of RxD (the TEST 1 input doubles as 
the event counter input). Before returning to the 
calling program the INIT routine sets a flag (RDF) 
which will be cleared by the receive program when 
the requested receive operation is complete. INIT 
also sets a value into a register called BCOUNT. 
The receive program interprets BCOUNT as follows: 



7 


6 


5 


4 


3 


2 


1 






Figure 21c. Interrupt Driven Serial Receive Flowchart 



Number of bits remaining 
to receive 

If set indicates that the 
START bit has not yet been 
detected 

If set indicates that the 
START bit has not yet been 
verified 



In order to request the reception of the 1 1 bit 
ASCII code INIT would set BCOUNT to 1 100101 IB. 
The start bit has been neither verified nor detected 
and 1 1 bits (101 IB) are required. 

After INIT is called the reception of the individual 
serial data bits will proceed on an interrupt driven 
basis until a complete character has been assembled. 
When this occurs the interrupt driven program will 
set the RDF (Receive Done Flag) to a zero to indi- 
cate that it has completed the requested operation 
and then terminate itself. The procedure which is 
used to accomplish this is shown in Figures 21b 
and 21c. 

Since all operations of this program are the result 
of the occurence of a timer overflow interrupt, it 
is necessary to briefly review the interrupt structure 
of the MCS^t8. There are two sources of interrupt; 
an external interrupt whic h is t he result of a logical 
zero signal applied to the INT pin of the MCS^8, 
and an internal interrupt which is caused by a 
timer overflow condition. The timer overflow 
occurs whenever the timer is incremented from 
OFFh to zero whether it be in the timer or event 
count mode. When one of these events occurs the 
hardware in the MCS^18 forces the execution of a 
CALL. This CALL has a preset address of location 
3 if it is due to the external interrupt and location 
7 if it is due to a timer overflow. If both of these 
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.„„ F1 u 61 mu counter ior me 

running program and its PSW (program status 
word) on a stack the hardware maintains in RAM 
locations 8-23. Although the hardware saves the 
program counter and PSW, it remains the responsi- 
bility of any interrupt driven software to make 
absolutely certain that it does not modify any 
memory locations or registers which are being 
used by the main program. The most convenient 
way of ensuring this in the MCS^8 is to dedicate 
the second bank of registers (RBI) to the interrupt 
driven program. One of these registers has to be 
used to save the accumulator (which is not part of 
the register bank) but seven registers remain; 
including two which can be used as pointers to the 
rest of the RAM (RO and Rl). Note that if this 
approach is taken then these registers have to be 
allocated between the program which services the 
external interrupt and the one which services the 
timer overflow. This problem is somewhat alleviated 
by a hardware lockout which prevents the timer 
overflow interrupt from interrupting the external 
interrupt service routine and vice versa. This is 
implemented by locking out new interrupts between 
the time an interrupt is recognized and the time a 
RETR instruction is executed. The RETR instruc- 
tion is like a normal RET (return from subroutine) 
except that the PSW as well as the program counter 
is restored. The RETR instruction can be very 
much thought of as a return from interrupt instruc- 
tion in the MCS^8. 

The receive program under discussion uses register 
bank 1 in the manner described. Whenever a timer 
overflow occurs (e.g. on the next MARK to SPACE 
transition of RxD after INIT is called), control is 
passed (by the hardware generated CALL) to the 
point labled TIMER OFLO in Figure 21b. This 
program segment immediately selects register bank 
1 (RBI) and then saves the accumulator (A) in a 
location called ATEMP which is actually R7 of 
RBI . The program then tests bit seven of BCOUNT 
(R6 of RBI) to find out if a START bit has been 
verified (i.e. the edge of the START bit has first 
been detected and then verified to still be a SPACE 
one-half a bit time later. If BCOUNT [7] is a zero 
the START has been verified and the program pro- 
ceeds to set the timer to P (the period of the serial 
bit), get the current serial data into the carry bit, 
and then shift the carry bit into a buffer. After 
saving the data the program decrements BCOUNT 
and tests it for zero. If BCOUNT is zero the receive 
operation is complete so the program sets RDF to 
a zero and disables timer overflow interrupts. 
Whether or not BCOUNT is zero, control is passed 
to EXIT where A is loaded with ATEMP and a 
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the PSW, the execution of RETR automatically 
selects the register bank which was active when 
the interrupt occurred. 

If BCOUNT [7] is still set when it is tested, con- 
trol is passed to START (Figure 21c) where bit 6 
is tested to determine if the START has been 
detected yet. If BCOUNT [6] is set it indicates 
that this is the first occurrence of a timer overflow 
since the receive process was initialized by the 
INIT subroutine. If this is so, the program assumes 
that the START bit has just started and therefore 
it sets the timer to one-half of a bit time (1/2 P), 
starts the timer in the timer mode, and clears 
BCOUNT [6] to indicate that the START bit has 
been detected. The next overflow will again result 
in the execution of the program in Figure 2 1 b and 
again BCOUNT [7] will be found to be set. This 
time, however, BCOUNT [6] will be reset and the 
program will know that it should test the START 
bit to ensure that it is still a SPACE. This test is 
performed and if successful the timer is set for a 
bit period P and BCOUNT [7] is reset so that on 
the next occurrence of a timer overflow the pro- 
gram will know that it should start assembling 
serial bits into a character. If the test is unsuccess- 
ful, the subroutine INIT is used to reinitialize the 
receive program. In either case control is passed to 
EXIT where a return from interrupt mode occurs. 

This receive program, listings of which appear in 
Figure 22, allows the reception of serial characters 
transparently to the main running software. After 
INIT is called the main program has only to check 
RDF periodically to find out if there is data in the 
buffer for it. It would be fairly easy to 'double 
buffer' this operation by providing a buffer which 
the receive program uses to deserialize the incom- 
ing code and a second buffer to store the assembled 
character. If the program would reinitialize itself 
upon completion, the reception of a string of 
characters could proceed in much the same way as 
it would if a status driven USART were being used. 

Although this program solves the first problem of 
software controlled reception (lack of efficiency) 
the second problem— sensitivity to frequency 
variations— remains. An example of a code which 
would be susceptible to this problem is the 3 1 ,26 
BCH code commonly used in supervisory control 
systems. (A supervisory control system is, in 
essence, a remote control system which allows a 
human or computer operator the control of a 
system via a serial communications link.) The BCH 
codes are used because of their error detection 
capabilities and are a class of cyclical redundancy 



SOURCE STATEMENT 



SERIAL INPUT USING THE MCS-48 
THIS COO€ ASSUMES HARDWARE 
SHOWN IN FIG 20. TO USE 
THIS ROUTINE CALL IMIT. 
WHEN RDF -1 THE ASSEMBLED 
CHARACTER WILL BE IN SERBUF 



BBB7 
0006 



16 ATE MP EQU R7 

17 BCOUNT EQU R6 

18 CDUNT EQU R2 

19 RXB EQU R0 

20 BITNO EQU 8 
£1 P EQU 41 

22 SERBUF EQU 2IH 

23 RDF EQU 24H 



STORAGE FOR A DURING INTERUPT 

; CONTAINS NUMBER OF BITS IN MSG 

; UTILITY COUNTER 

; POINTER 

: NUMBER DF BITS 

i SAMPLE PERIOD 

; SERIAL BUFFER 

; RECEIVE DONE FLAG 



CONTROL PASSED HERE WHEN TIMER OFLO OCCURS 



IBIE 62 
000F 55 



41 SLLB: STRT 



/•ENTER INTERRUPT r 



IF 8C0UNTI7J-B THEN 



START TIMER 
/•CARRY-RXDV 



■1 12 56IS 
0014 A7 



00 1S 8820 
8017 20 
0118 67 
0019 20 



■HE 27 
Bi IF A0 
8028 35 



51 TISRD: MOV 

52 SLOOP: XCH 

53 RRC 



MOV 
CLR 
MOV 
DIS 



RXB, # SERBUF 
A,@RX0 



/•SHIFT CAI 
RX0- SERBUF 
RSHFT MEM(RXB>; 



INTO BUFFER*/ 



BCOUNT-BCOUNT-1; 
IF BCOUNT-0 THEN 
\SEXIT 
DO; 

; RDF "0 : 

; DISABLE EX INT; 

; END; 



; ELSE 
! DO; 

; IF BCOUNTtei-0 THEN 



0023 FE 


71 START: 


MOV 


A, BCOUNT 




0024 D237 


72 


JBB 


SLLC 






73 






DO; 




74 






IF TEST1-0 THEN 


0026 5635 


7S 


JT1 


SLLD 






76 






DO; 




77 




; 


TIMER-P; 




7fl 






START TIMER; 




79 




; 


P27-0; 

EN I 




80 








81 






BCOUHT[?].0; 




82 






END; 


BB28 23D7 


83 


MOV 


A,*-P 




BB2A 62 


84 


MOV 


T,A 




002B 55 


8S 


STRT 


T 




002C 9A7F 


86 


ANL 


P2,#7FH 




002E 05 


87 


EN 


I 




002F FE 


88 


MOV 


A, BCOUNT 




0030 S37F 


89 


ANL 


A , Jt 7FH 




0032 AB 


9B 


MOV 


BCOUNT. A 




0033 B43F 


91 


JPP 


SEXIT 






92 






ELSE 




93 






DO; 




94 






CALL INIT; 










END; 


0035 1441 


96 SLLD: 


CALL 


1N1T 






97 






ELSE 




98 






DO; 




99 






TIMER-P/2; 




100 






START TIMER; 




101 






BC0UNTI61-B; 




102 




; 


END; 


BB37 23EC 


1B3 SLLC: 


MOV 


A,a-<P/2) 


0039 62 


104 


MOV 


T,A 




003A 55 


IBS 


STRT 


T 




003B FE 


tie 


MOV 


A, BCOUNT 




003C 53BF 




ANL 


A , a 0BFH 




003E AE 


?,i 


MOV 


BCOUNT, A 






1B9 






END; 




110 






/•EXIT INTERUPT MODE'/ 


003F FF 


111 SEXIT: 


MOV 


A.ATEMP 




0040 93 


112 


RETR 








113 










114 i 










115 j INTIALIZE 


ROUTINE- 






116 | 


STARTS RECEIVE PROCESS 














117 i 










iie 

119 






INIT: 




120 






PROCEDURE; 




121 






DO: 




122 






DISABLE INTERRUPTS; 




123 






P27-1; 




124 






TIMER— 1; 




125 






START EVENT COUNT; 




126 






RDF- 1 ; 




127 






BCOUNT-0C0H OR BITNO 




m 






END; 




129 






END INIT; 


0041 35 


130 IWTi 


DI5 


TCNTI 




0042 BABB 


131 


ORL 


P2.BBBH 




IB44 23FF 


132 


MOV 


A.»-1 




BB46 G2 


133 


MOV 


T,A 




BB47 45 


134 


STRT 


CUT 




BB48 B824 


135 


MOV 


RX0 , «RDf 




BB4A BB01 


136 


MOV 


@RX0, »B1H 


BB4C B81E 


137 


MOV 


RXB. tt 1EH 


; POINT AT BCOUNT 


BB4E BBC8 


138 


MOV 


@RX0,#(0C0H OR BITNO) 


0BS0 25 


139 


EN 


TCNTI 




BB51 93 


141 


RET 








141 




;END OF PROGRAM 




142 










143 


END 







Figure 22. Interrupt Driven Serial Receive Program 



codes such as those used in synchronous data com- 
munications (e.g. BISYNC or SDLC). BCH codes, 
named for their originators Bose, Chaudhuri, and 
Hocquenghem, are characterized by having a length 
of n=2 m -l . The number of redundant check bits 
can be mt where t is a positive integer (clearly mt 
<n). The 3 1 ,26 code fits this format with m=5 and 
and t=l. The length of each message is n=25-l=31 
with 5*1 redundant bits, leaving 26 bits available 
for data transmission. With an appropriate poly- 

All mnemonics copyrighted © Intel Corporation 1976. 



nominal BCH codes can detect all errors consisting 
of 2t error bits and all burst errors of mt or fewer 
bits. The 31,26 BCH code will therefore detect any 
erroneous messages with 1 or 2 errors or bursts of 
errors of less than 5 bits. The 3 1 ,26 format (shown 
in Figure 23) requires the reception of a start bit 
followed by 31 information bits, clearly beyond 
the capability of the USART but perhaps within 
reach of a program controlled approach using the 
MCS^8 itself. 



START BIT 
ISPACE) 



i — r 



~i — r 
_i i_ 



n — r 

J L_ 



Figure 23. 31,26 BCH Code 



A concept which reduces sensitivity to frequency 
deviations and thus allows the reception of longer 
codes is shown pictorially in Figure 24. The first 
line of this timing chart shows an alternative ones 
and zeros pattern on the RxD with a period of 5 
milliseconds. The second line shows that by 
sampling at a period of exactly 5 milliseconds the 
data can be properly interpreted. The third and 
fourth lines show the effects of sampling with a 
period of six and four milliseconds respectively. In 
either case, an error occurs at the third sample 
where both periods result in sampling on an edge 
of the RxD signal. The third line of Figure 24 
shows a hybrid sampling scheme which, based on 
some additional information, switches sampling 
periods between the two values. As can be seen in 
Figure 24, the data is sampled with a 4 millisecond 
period until the sampling begins to fall behind the 
data; at this point the sampling period is increased 
to six milliseconds and the sampling first catches 
up and then passes the center point of the data. As 
soon as this happens, the sampling period reverts 
to the 4 millisecond period and the cycle repeats. 
It can be seen that this scheme sets up a pattern 
which repeats indefinitely and the data can be 
successfully sampled. Note that the sampling pattern 
established is alternating periods of four and six 
milliseconds. The average period of this pattern, as 
might be expected, is 5msec. Line 5 of Figure 24 
shows the effect of a change in transmission speed 
to a period of 5.5 msec with no change in the 
sampling time. The sampling is again successful but 
the new sampling pattern is 4-6-6-6; 4-6-6-6, etc. 
Note that the average sample is again equal to the 
period of the received data (5.5). While this scheme 




Figure 24. Various Sampling Alternatives 



does seem to work, the question of what additional 
information is needed remains. 

The MSCM8 must somehow decide when it is drift- 
ing out of synchronization and take corrective 
action. By referring back to Figure 24 it can be 
seen that if the MCS-48 could determine where the 
edges of RxD occurred with respect to its sampling 
times then the additional information would be 
available. As can be seen in the figure the choice of 
sampling period can be based on the following rule: 

// an edge on the RxD line occurs during the 
first half of the current sampling period, then 
use the short period for the next sample. If an 
edge occurs during the second half of the period, 
then use the long sampling period for the next 
sample. 

If the data on the RxD line does not change, of 
course, the MCS^t8 will drift out of synchronization 
just as the original algorithum did. As long as edges 
occur on TxD, however, synchronization can be 
maintained. To maximize the allowable time 
between edges, the following addition could be 
made to the above rule: 

// no edge occurs on the RxD line during a 
sample, then change sampling period from short 
to long or vice versa. 



Note that this addition to the rule will result in 
using an average of the two sampling periods when 
no edge occurs for several bit times. 

The edges of RxD can be easily detected by the use 
of the same structure (the Exclusive — NOR gate) 
which was added to the MCS-48 in Figure 20. This 
gate, which is used to detect the edge on RxD 
which begins the START bit, can naturally be used 
to detect any edge. Since the timer is being used to 
time the bit period, however, the event count input 
(Tl) is not useful during the receive itself. By con- 
necting the output of this gate, however, to the 
INT input to the MCS-48 (see Figure 25) it is 
possible to detect edges on RxD with the event 
counter when the program is trying to detect the 
START bit and by the external interrupt when the 
program is using the timer to control the sampling 
times. 



2-20 



f 



XI 


X2 


TNT 






PROG 


T l 


ALE 




p 17 


P 2! 


p 16 


p 26 


P ]£) 


p 25 


P H 


p 2< 


p 13 


P 23 


P 12 


P 21 


'11 


P 20 


P 10 


TO 


°7 




D 6 


u cc 


°S 


V DD 


"A 


ss 


°3 


PSEN 


°2 




°1 


v ss 


°0 


EA 





Figure 25. Modified Edge Detection 



Because of this edge detection it is important to 
condition RxD with hardware filters to ensure that 
the edges of RxD are clean. Any ringing will cause 
repeated CALLs to XISR and probable erroneous 
operation. The changes to the START process 
(Figure 26c) are two-fold; first the TIMER is set to 
one half the average of the two sample periods 
when the START bit is first detected (BCOUNT 
[6] = 1), and second the processing of the edge 
information is initialized by presetting SNAP and 
clearing P27. 

SNAP is preset so that when the reception of data 
actually begins (Figure 26b BCOUNT [7] =0), the 
decision block which tests SNAP against LIMIT 
will be initialized. This block actually compares the 
value in SNAP with a LIMIT value which is used to 
determine if the sampling point is ahead or behind 
the actual midpoint of the serial data. If the 
sampling is ahead then the timer is set for TMIN; 
if the sampling is behind then the timer is set for 



A modification to the program of Figure 2 1 which 
implements this new sampling algorithm is shown 
in Figure 26. The first deviation from the original 
program is the addition of a routine (XISR, Figure 
26a which is called when an external interrupt 
occurs (i.e. when an edge occurs on RxD). This 
routine saves the status of the running program and 
then stores the current value of the timer register 
in a location called SNAP (R5 of RBI). After 
doing these operations the program complements 
bit 7 of port 2. Manipulating P27 in this manner 
will cause the Exclusive NOR gate to turn off the 
external interrupt and will set it up to generate 
another interrupt when the RxD line changes again 
(has another edge). 



^ I N IT ^ ^ XISR 



DIS EXT INT 



TIMER = 1 



SNAP = TIMER 



| START EVENT CNT 



SET BCOUNT 



V V 



Hybrid Sampling Flowchart 




EXT 

y 

/ XISR ^ 



M3 



Hybrid Sampling Flowchart 
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TIMER = TMIN 



START TIMER 



SNAP- LIMIT -1 

I 



CHARGE INT 



3 



TIMER - TAVE/2 



START TIMER 

~1 



BCOUNT f6| =0 



-CED 



Hybrid Sampling Flowchart 



TMAX. By presetting SNAP in the manner shown 
in the flowcharts the second rule of the algorithm, 
(// no edge appears on the RxD line during a 
sample, then change the sampling periods short to 
long or vice versa) is automatically met. If an edge 
occurs then XISR will modify SNAP, if XISR is 
not invoked between two samples then the choice 
of timer periods will alternate. The only other 
significant change to the algorithm is that the INIT 
routine must now lock out all interrupts, not just 
the timer overflow interrupt, while it is operating. 
A program which uses this algorithm to receive a 
32 bit message is shown in Figure j 




FfEC 
0020 
0024 



0BB3 11G6 
0005 33 



SERIAL INPUT USING MCS-48 
THIS CODE ASSUMES HARDWARE 
SHOWN IN FIG 25. PROGRAM 
JS SIMILAR TO PREVIOUS 
ONE , A MORE SOPHISTICATED 
SAMPLING ALGORITHM IS USED 

A PL/M LIKE LANGUAGE WAS USED 
TO COMMENT THIS LISTING AND 
SEVERAL OTHERS IN THIS NOTE. NO 
COMPILER EXISTS FDR THE MCS-48. 
THE COMMENTS WERE 'HAND 
COMPILED' INTO * 



23 A TEMP EOU 

2-* BCOUNT EOU 

25 SNAP EQU 

26 COUNT EQU 

27 RXO EQU 

28 BITNQ EQU 

29 LIMIT EQU 

30 TMAX EOU 

31 TMIN EQU 

32 HALF EQU 

33 SERBUF EQU 

34 RDF EQU 



i STORAGE FOR A DURING 1NTERUPT 

; CONTAINS NUMBER OF BITS IN MSG 

; TAKES TIMER SNAP SHOT ON RXD EDGE 

; UTILITY COUNTER 

; POINTER 

; NUMBER OF BITS 

; TEST VALUE FOR MIN/MAX SAMPLING 

; MAX SAMPLE PERIOD 

; MINIMUM SAMPLE PERIOD 

; HALF NOMINAL PERIOD 

! START OF SERIAL BUFFER 

; RECEIVE DONE FLAG 



37 ; CONTROL PASSED HERE 



XISR 



I CALL SERVICE ROUTINE 



57 
59 



CONTROL PASSED HERE WHEN TIMER OFLO OCCURS 

I /'ENTER 1NTERUPT MODE'/ 

1VEC: SEL RBI 

MOV ATEMP.A 

i IF BCOUNT(7]-0 THEN 

MOV A, BCOUNT 

JB7 START 

1 DO; 

; IF SNAP<LIMIT THEN 

A.! 

IMIT 



JB7 SLLA 



00; 



HQW 
NOV 
MOV 



71 

71 
72 

73 SLLA: NOV 



A..TMH 

SNAP, ff L IMIT- 1 
SLLB 

; ELSE 
I DO; 

; TIMER -TMAX; 

; SNAP-LIMIT-1; 
i END; 

A.ffTMAX 



Figure 27. Hybrid Sampling Program 
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LOC OBJ SEQ SOURCE STATEMENT LOC OBJ SEQ SOURCE STATEMENT 









T,A 




8B4A 1456 


143 SLLD: 


CALL INIT 










SNAP,«LIMIT-1 




144 




ELSE 










START TIMER; 




145 




DO; 




77 




T 


/•CARRY-RXD'/ 
CARRY-P27 XOR TEST1 \ 




146 
147 
148 




TIMER- CTMIN*TMAX>/2; 
START TIMER; 
BCDUNT 161 -B; 


SB1D 8ft 


88 


IN 


A,P2 






149 




END; 


8B1E F7 
JJ' F *^ 22 


81 

of 


RLC 


A 

TISRD 




B84C 23EC 
flair cc 


158 SLLC: 
1S1 


MOV A,* HALF 
MOV T.A 










C 


/•SHIFT CARRY INTO BUFFER'/ 




152 


STRT T 






84 








153 


MOV A , BCDUNT 






85 






RXB-SERBUF; 


aac cot 


154 


ANL A, S BBFH 






86 






COUNT- 4; 




155 


MOV BCQUNT.A 






87 
88 
89 






DO WHILE COUNToB; 
R5HFT MEMCRXO); 
RXB-RXB*!; 


BBS4 FF 


156 
157 

158 SEX IT: 


MOV A.ATEMP 


END; 

/•EXIT I NTERUPT MODE'/ 




90 






COUNT-COUNT- 1 ; 


8855 93 


159 


RETR 






91 






END; 




161 






8022 B828 
8824 BAB4 


92 TISRD: 
93 


MOV 
MOV 


RXB, *SERBUF 
COUNT, »4 












162 ; INTIALIZE ROUTINE- 




8B26 2B 


94 SLOOP 


XCH 


A, RIB 






163 ; 


STARTS RECEIVE PROCESS 


8827 67 


95 


RRC 














A 






164 ; 






8828 28 


96 


XCH 


A,@RXB 






16S 






8829 18 


97 


INC 


rxs 






166 




INIT: 


8B2A EA26 


98 


DJHZ 


COUNT, SLOOP 




167 




PROCEDURE ; 










SCOUNT •BCDUNT- 1 ; 




168 




DO; 




188 






IF BCOUNT-B THEN 




169 




DISABLE INTERUPTS; 




181 


DJNZ 


BCDUNT, SEX IT 




178 




P27- 1 ; 




112 






DO; 




171 




TIMER— 1; 




183 
184 






RDF -8; 

DISABLE EX INT; 




172 
173 




START EVENT COUNT; 
RDF" 1 ; 




IK 






END; 




174 




BC0UNT-8CBH OR BITNO 


8B2E B824 


186 


MOV 


RXB , HRDF 




175 




END; 


003B 27 


187 


CLR 


A 






176 




END INIT; 


8B31 A8 


188 


MOV 


@RXB.A 




BB56 15 


177 INIT; 


DIS I 




8832 3S 


189 


DIS 


TCNT1 




8857 35 


178 


DIS TCNT1 




8833 15 


118 


DIS 


1 




8B58 8A86 


179 


ORL P2.M8BH 






111 






END; 


BB5A 23FF 


188 


MOV A, 0-1 




8834 845"" 


112 


JMP 


SEX IT 




BBSC 62 


1B1 


MOV T.A 






113 






ELSE 


BB5D 45 


182 


STRT CNT 






114 






DO; 


8 BSE 8824 


183 


MOV RXB , #RDF 




IIS 






IF BC0UNTI61-8 THEN 


B868 F9 


184 


MOV A, 11 




BB36 FE 


1 16 START: 


MOV 


A.BCOUNT 


8861 A8 


185 


MOV @RX8,A 




8837 D24C 


117 


JB6 


SLLC 




8862 25 


186 


EN TCNTT 






1 18 






DO; 


8863 8EEB 


187 


MOV BCDUNT, BBC8H OR BiTNO 




1 19 






IF TEST t-B THEN 


8865 83 


188 


RET 




8839 564 A 


121 




SLLD 


DO; 




189 
198 








122 






TIMER-THIN; 




















19! ; 








123 






START TIMER; 




192 ; I NTERUPT SERVICE ROUTINE 




124 






SNAP-LIMIT*!; 


















193 ; 








125 






P27-B; 




194 




XISR: 




126 






EN I 




195 




PROCEDURE; 




127 






BCOUNTI 7]»S; 




196 




DO; 




128 






END; 




197 




/•ENTER INTERUPT MODE' ' 


B83B 23D9 


129 


MOV 


A.ffTMIN 




198 




SNAP-TIMER; 


B83D 62 


138 


MOV 


T.A 






199 




P27-N0T P27; 


BB3E 55 


131 


STRT 


T 






288 




END XISR; 


883F BD15 


132 


MOV 


SNAP.OLIMIT-1 




281 XISR: 


SEL RB1 




8841 9A7F 


133 


ANL 


P2.B7FH 


8867 AF 


212 


MOV ATEMP.A 




BB43 05 


134 


EN 


] 




8868 42 


213 


MOV A.T 




0844 FE 


13S 


MOV 


A , BCDUNT 


8869 AD 


284 


MOV SNAP , A 




0045 537F 


136 


ANL 


A,«7FH 




BB6A BA 


215 


IN A.P2 




0047 AE 


137 


MOV 


BCDUNT, A 


BB6B D38B 


286 


XRL A,»88H 




0048 8454 


138 


JMP 


SEXIT 




BB6D 3A 


287 


DUTL P2,A 






139 






ELSE 




218 


MOV A , ATEMP 






148 






m 


BB6F 63 


289 


RET 






141 






CALL IMT; 




21B 




END OF PROGRAM 




142 






END; 




211 


END 





Figure 27. Hybrid Sampling Program 
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TRANSMITTING SERIAL CODE 

Serial transmission is conceptually far simpler than 
serial reception since no synchronization is required. 
All that is required is to use the timer to generate 
interrupts at the bit rate and present the character 
to be transmitted serially at an I/O pin. A program 
which does this is shown in Figure 28. The trans- 
mission of serial data becomes much more compli- 
cated if it must occur simultaneously with reception. 

If both reception and transmission are to occur 
simultaneously then obviously contention will 
exist for the use of the timer. It is possible to allow 
the simultaneous reception and transmission of 
serial data using the timer as a general clock which 
controls software maintained timers. The attainable 
baud rates using such techniques are, however, 
limited and the use of a 8251 USART is probably 



indicated in all but the most cost sensitive applica- 
tions. An exception to this rule occurs when the 
system, although full duplex in nature, actually 
transmits the same data as it receives. An example 
of this is a microprocessor driving a terminal such 
as a Teletype. Although the circuit to the terminal 
is full duplex, the data that is transmitted is generally 
the same as that received. A minor modification to 
the program shown in Figure 26 would implement 
this mode of operation. The modification would be 
to the XISR routine and it would add the code 
necessary to place the TxD I/O pin in the same 
state as the RxD line. Since any change in RxD 
results in a call to XISR, this modification would 
cause the retransmission of any received data. 
Whenever it becomes necessary to transmit data 
which is not being received, the program of Figure 
28 could be used in a half duplex manner. 



SOURCE STATEMENT 



SERIAL TRANSMIT ON THE MCS48 
TD USE PUT A CHAR IN BJJf F AMD 
SET CHARAV TD 8FFH. WHEN THE 
TRANSMITTER IS READY FDR ANOTHER 
CHAR IT WILL CLEAR CHARAV. THE 
TRANSMISSION IS DOUBLE BUFFERED. 



0018 D3BB 

0012 3A 

0013 F619 
0015 9AEF 
0017 041B 

0019 BAt0 
001B FF 
B91C 93 



SOURCE STATEMENT 



A.P2 
A,»80H 
P2,A 
BI TON 
PS, sCBIT 
EXIT 

P2, SSBIT 
A, ATEMP 



■13 B I TON : ORL 



B BBS 23D7 
BBBB £2 
BBBC S5 



1 ATEMP EOU 

i PTOS EOU 

5 BUFF EOU 

7 CHARAV EOU 

} COUNT EOU 

) CBIT EOU 

) SBIT EOU 

1 P EOU 



-41 



i STORAGE TOW A DURING INT. 

i PARALLEL TO SERIAL CONVERTER 

; CHARACTER BUFFER 

i CHARACTER AVAILABLE FLAG 

; BIT COUNTER 

i MASK TO CLEAR TXD IN P24 
! MASK TO SET TXD IN P24 
i PERIOD OF TXD 



I | CONTROL PASSED HERE ON TIMER OVERFLOW 
[ ORG B7H 

I TOFLO: 5EL B 



MOV 

MOV 
P10V 
STRT 



ATEMP.* 
A. OP 



ENTER INTERUPT MODE 
SET TIMER FOR P 



i GET BIT INTO CARRY 
; SET TXD TD CARRY 



0B1D FB 
B«!E C627 
B82B FE 
BB21 67 
8622 4380 
BB24 AE 
BB25 CB 
BB2G 83 

M27 97 
B028 FC 
BB29 962D 
0B2B A7 
BB2C S3 

BB2D FD 
BB2E AE 
0B2F BB0A 
■•31 SC00 

0B33 83 



MOV 
DEC 
RET 



6S RET 
G6 

67 GOTDNE : W. 

68 MOV 

69 MOV 

70 MOV 



RET 



A, COUNT 
IDLE 
A, PTOS 
A 

A. B80H 
PTOS. A 
COUNT 



A . BUFF 
PTOS, A 
COUNT, b 10 
CHARAV. SB 



Figure 28. Serial Transmission 
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GENERATING PARITY 



CONCLUSION 



Many communications schemes require the genera- 
tion and checking of parity. If a USART is used 
it can be programmed to automatically generate 
and check parity. If the communications is handled 
by software within theMCS^18™ then the program 
must perform parity calculations. Calculating 
parity is easy if one remembers what parity really 
means. A character has even parity if the number 
of one bits in it is even. A character has odd parity 
if it has an odd number of ones. The program seg- 
ment shown in Figure 29 can be caused to calculate 
parity. It starts by setting a loop count to eight and 



This Application Note has presented a very small 
sampling of the application techniques possible 
with the MCS^8™ family. The application of this 
new single chip computer system to tasks which 
have not yet yielded to the power of the micro- 
processor will present a fascinating challenge to the 
system designer. 



SOURCE STATEMENT 



; PARITY 

THIS PROGRAM GENERATES PARITY 
ON THE ACCUMULATOR 
CARRY WILL EC SET IF A HAS ODD PARITY 



0100 

0100 BA0( 
0102 97 



1G COUNT EQU R2 



| SET LOOP COUNT 
INITIALIZE CARRY 
FDR EACH ZERO BIT IN A 
COMPLEMENT THE CARRY FLAG 



EHD OF PROGRAM 



Figure 29. Parity Generation 



clearing the CARRY flag. After this initialization a 
loop is executed eight times. During each execution 
the accumulator is rotated and the least significant 
bit is tested. If the bit is a zero the CARRY flag is 
complemented, if the bit is a one no further action 
is taken. Since an even number of zeros implies an 
even number of ones for an eight bit character, 
after all eight loops have been accomplished the 
CARRY bit will be set if an odd number of ones 
were encountered; it will be reset if the number 
were even. Since the RR instruction does not 
involve CARRY the net result of executing this 
program loop is to set CARRY if parity is odd 
without effecting the character in the accumulator. 



All mnemonics copyrighted © Intel Corporation 1976. 
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INTRODUCTION 

This application notes presents a software package for 
interfacing members of Intel's MCS-48™ family of 
single-chip microcomputers with keyboards and dis- 
plays using a minimum of external components. Be- 
cause of the similarity of the architectures of the vari- 
ous members of the family (the 8035, 8048, 8748, 8039, 
8049, 8021, and 8022 microcomputers; also the 8041 and 
8741 universal peripheral interfaces in the UPI-41® 
family), the code included here could run with minor 
modifications on any member of the family. 

Since keyboard and display logic can be just one of 
several functions handled by a microprocessor, the 
added cost of including these functions in a system is 
minimal. In fact, considering the extremely low cost of 
standard X-Y matrix keyboards and integrated displays, 
their use is often more cost effective than even a hand- 
ful of discrete switches and indicators. Thus, the addi- 
tional flexibility of keyboard input and display output 
can be added to inexpensive consumer products (such 
as games, clocks, thermostats, tape recorders, etc.), 
while producing a net savings in system cost. 



In traditional digital system design, various hardware 
registers or counters were used to hold binary or BCD 
values which had to be conveyed to the user. The stand- 
ard way of presenting this information was by connec- 
ting each register to a seven-segment encoder (such as 
the 7447) driving a single display character, as repre- 
sented by Figure 1. Thus, two ICs, seven current limiting 
resistors, and about 45 solder joints were required for 
each digit of output. Consider how traditional tech- 
niques might be (mis-)applied in designing a microproc- 
essor system: the designer could add a latch, encoder, 
and resistors for each digit of the display. Still another 
latch and decoder could be used to turn on one of the 
decimal points (if used). The characters displayed could 
only be a sequence of decimal digits. In the same vein, a 
large matrix of key switches could be read by installing 
an MSI TTL priority encoder read by an additional input 
port. Not only would all this use a lot of extra I/O ports 
and increase the system price and part count drastic- 
ally, but the flexibility and reliability of the system 
would be greatly reduced. 



Since each potential application will have its own 
unique combination of keys and display characters, the 
program is written so that very little modification is 
needed to interface it with a wide variety of hadware 
configurations. In general, the only changes required 
are within the set of initial EQUates at the beginning of 
the program. 

Along with the basic software for driving a multiplexed 
display and/or scanning and debouncing an X-Y matrix 
of key switches, a collection of utility subroutines is 
also included for implementing the most commonly 
used keyboard and display utility functions, such as 
copying simple messages onto the display or determin- 
ing the encoded value of each key in the key matrix. As a 
result of the versatile architecture and applications- 
oriented instruction set of the MCS-48 family, the entire 
package fits into about 250 bytes of internal program 
ROM or EPROM, leaving the rest of the ROM space for 
the program to cook the perfect piece of toast, or what- 
ever. By tailoring the software to match a known hard- 
ware configuration, or by selecting only those functions 
needed for a given application, the program size could 
be even further reduced. 

Since what is being presented in this application note is 
a software package, rather than the usual hardware/ 
software system design, the format of this note is some- 
what different from most — it consists primarily of a 
long program listing reproduced in the following pages. 
For the most part, the listing is self-explanatory, with 
comments introducing each subroutine and major code 
segment. Some parts of this introduction are repro- 
duced in the program listing itself, explaining the con- 
figuration of the prototype system. However, an addi- 
tional bit of explanation would make the listing easier to 
understand, especially for those readers unfamiliar with 
the concept of multiplexed displays and keyboards. 



v C c 




7147 

SEVEN-SEGMENT 
DECODER/DRIVER 
"I 



CK 



74LS175 
4-BIT LATCH 



CIRCUIT REPEATED FOR EVERY DIGIT OF DISPLAY 
(DOTS USED TO INDICATE SOLDER JOINTS) 



Figure 1. Wrong Way to Design Multiple Digit Displays tor 
Microcomputer Systems 
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Instead, a scheme of time-multiplexing the display can 
be used to decrease costs, part count, and interconnec- 
tions, while allowing a wider range of character types to 
be used on the display. The techniques used here are 
fairly typical of today's integrated subsystems designed 
especially for controlling keyboards and displays (such 
as in calculators or the Intel® 4269, 8278, and 8279 Key- 
board/Display Controller Devices). 

In a multiplexed display, all the segments of all the 
characters are interconnected in a regular two-dimen- 
sional array. One terminal of each segment is in com- 
mon with the other segments of the same character; the 
other terminal is connected with the same segments of 
the other characters. This is represented schematically 
in Figure 2. A digit driver or segment driver is needed for 
each of these common lines. 



SEGMENTS SEGMENTS SEGMENTS SEGMENTS SEGMENTS SEGMENTS 
OF 1ST OF 2ND OF 3RD OF *TH OF 5TH OF ETH 
DIGIT DIGIT DIGIT DIGIT DIGIT DIGIT 





\ 






\ 


X 


I "a" SEGMENTS OF 
| ALL DIGITS 




X 


x 


*k 


X 


X 


1 "b" SEGMENTS OF 
j ALL DIGITS 


X 


X 


X 


X 


X 


X 


1 "c" SEGMENTS OF 
j ALL DIGITS 


\ 


X 


X 


X 


X 


X 


1 "&' SEGMENTS OF 
| ALL DIGITS 


% 


X 


X 


X 


X 


\ 


1 "e" SEGMENTS OF 
j DIGITS 


% 


i 


X 


X 


X 


is 


1 "f" SEGMENTS OF 
| DIGITS 


~~ X 




X 




X 


k 


1 "g" SEGMENTS OF 
j ALL DIGITS 


X 




X 




X 




I DECIMAL POINTS OF 
j ALL DIGITS 



Figure 2. Schematic Representation of 6-Digit. 7-Segment 
CommonCathod LED Multiplexed Display 



The various characters of the display are not all on at 
once; rather, only one character at a time is energized. 
As each character is enabled, some combination of seg- 
ment drivers is turned on, with the result that a digit 
appears on the enabled character. (For example, in Fig- 
ure 3, if segment drivers 'a', 'b', and 'c' were on when 
character position #6 was enabled, the digit '7' would 
appear in the left-most place.) Each character is enabled 
in this way, in sequence, at a rate fast enough to ensure 
that the display characters seem to be on constantly, 
with no appearance of flashing or flickering. 

In the system presented here, these rapid modifications 
to the display are all made under the control of the MCS- 
48™ microcomputer. At periodic intervals the com- 
puter quickly turns off all display segments, disables 
the character now being displayed and enables the next, 
looks up the pattern of segments for the next character 



to be displayed, and turns on the appropriate segments. 
With the next character now turned on, the processor 
may now resume whatever it had been doing before. The 
whole display updating task consumes only a small frac- 
tion of the processor's time. 




hi hi hi hi hi hi 




Figure 3. Segment and Digit Drivers used with 6-Position, 7-Segment 
LED Display 



Moreover, since the computer rather than a standard 
decoder circuit is used to turn the segments off and on, 
patterns for characters other than decimal digits may be 
included in the display. Hexadecimal characters, spe- 
cial symbols, and many letters of the alphabet are pos- 
sible. With sufficient imagination this feature can be ex- 
ploited for some applications, as suggested by the 
3 in Figure 4. 









UOI l i~i CO ' o 
I II— I— /_ /_/ / /_ /_ /_ / I. 

o /_ ~ _ _ /_ /z/_/_ 
/ /_/'_ /_/_/// / // / _///_//_ 

'_/_/_/ ' /_/ 

' //_///_/ /_//_//_/_/_// / in 

i '/ n 
/_'/_// / c ocor 

i~ iii tr~ 

i_iOOO ~0 DO 



Figure 4. Examples of Typical Messages Possible with Simple 
7-Segment Displays 
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As each character of the display is turned on, the same 
signal may be used to enable one row of the key matrix. 
Any keys in that row which are being pressed at the time 
will then pass the signal on to one of several "return 
lines", one corresponding to each column of the matrix. 
(See Figure 5.) By reading the state of these control 
lines, and knowing which row is enabled, it is possible 
to compute which (if any) of the keys are down. Note 
that the keys need not be physically arranged in a rec- 
tangular array; Figure 5 is merely a schematic. 



machine cycles. (One machine cycle occurs every 30 
crystal oscillations for the 8021 and 8022, or every 15 
oscillations for all other members of the family.) A more 
detailed explanation of these variables is included in the 
listing. 

Port assignment is also at the discretion of the user — 
all port references in the listing are "logical" rather than 
physical port names. The port used to specify which 
character is enabled is referred to as "PDIGIT". The out- 
put segment pattern is written to "PSGMNT" and the 
keyboard return lines are read by "PINPUT". These 
logical port names may be assigned to whichever ports 
the user pleases. 



COLUMN 1 COLUMN 2 COLUMN 3 COLUMN 4 
RETURN RETURN RETURN RETURN 
LINE LINE LINE LINE 



ROW 4 
SCAN LINE 



r 1 * 




1 


f 


■ 






— i 








r~- 




r— -* 

—4 

























TO SWITCHES 
ON ADDITIONAL 
RETURN LINES 



FROM SWITCHES ON 
ADDITIONAL SCAN LINES 



Figure 5. Schematic of X-Y Matrix Multiplexed Keyboard 



By way of example, the breadboard used to develop and 
debug this software used a matrix of 16 single-pole 
pushbuttons and an 8-character common-cathode LED 
display with right-hand decimal point. No decoders ex- 
ternal to the 8748 microcomputer were used; all logic 
was handled through software. PDIGIT was the 8-bit 
bus, PSGMNT was port 1, and PINPUT was port 2. The 
drivers used were 75491 and 75492 logically non- 
inverting buffers: high level inputs were used to turn a 
segment or character on. Pull-up resistors were used on 
the 8748 output lines to source the current levels 
needed by the buffers. The 8748 was socketed on the 
breadboard, and was driven with an inexpensive 3.59 
MHz television crystal. The short test program included 
in this listing was used to echo key depressions as they 
were detected, and to invoke four demonstration sub- 
routines. A summary of the subroutines included in this 
listing with a short explanation of the function of each is 
included in Figure 6; Figure 7 shows how the various 
utilities interact. 



Since each character is on for only a small fraction of 
the total display cycle, its segments must be driven with 
a proportionately higher current so that their brightness 
averages out over time. This requires character and seg- 
ment drivers which can handle higher than normal levels 
of current. Various types of drivers can be used, ranging 
from specially designed circuits to integrated or dis- 
crete transistor arrays. The selection depends on 
several factors, including the type of display being used 
(LED, vacuum flourescent, neon, etc.), its size, the 
number of characters, and the polarity of the individual 
segments. Some drivers have active high inputs, some 
active low. Some invert their input logic levels, some do 
not. Some require insignificant input currents, some 
present a considerable load. Some systems use exter- 
nal logic to enable one of N characters or to produce the 
appropriate segment pattern for a given digit, some sys- 
tems implement these functions through software. 

Because of these and the other variables which make 
each application unique, provisions are made in the first 
page of symbol EQUates to allow the user to specify 
such things as the number of characters in the display 
or the polarity of the drivers used, and the program will 
be assembled accordingly. The display is refreshed on 
each timer interrupt, which occurs every 32 x (TICK) 



KBDIN Keyboard Input. Wails until one keystroke input has been received 
Irom (he keyboard: determines the meaning or legend ot that key. and 
returns with the encoded value in the accumulator. 

CLEAR Blank out the display. 

ENCACC Encode accumulator with bit pattern corresponding to the segment 
pattern needed by the display to represent (hat symbol or character. 
Uses the value of the accumulator when called to access a table con- 
taining the patterns for all legal input values 

WDISP Write inlo Display. Writes the bit pattern in the accumulator into the 
next character position of the display. Maintains a character position 
counter so that repeated calls will automatically write characters inlo 
sequential positions 

RENTRY Right-hand Entry. Stores the accumulator segment pattern in the 
display in the right-most character position. Shifts all other characters 
to the left one place 

PRINT Print a string of arbitrary characters onto the display. Useful for pro- 
mpting messages, warnings, etc. Uses a table of segment patterns in 
ROM. so that messages will not be restricted to numbers, letters, etc 

FILL Fill the display with the character pattern in the accumulator. Useful 

for writing dashes, segment test patterns, etc.. into all character posi- 
tions 

ECHO Wait for a key to be pressed by the operator and write that key onto 
the display. Used for providing feedback to the operator when enter- 
ing numeric data. etc. 

RDPADD Adds or deletes a decimal point to the character at the righl-hand side 
of the display, for entering floating point numbers. 

HOLD Called when a key is known to be down. Does not return until all keys 
have been released. Used for organ-type keyboards, or when some ac- 
tion should not be initiated until the key invoking that action has been 
released 

DELAY Provides a crude real-time delay corresponding to the value of the ac- 
cumulator when called. Can be used to cause display characters to 
blink, to momentarily flash information, to enable a buzzer, etc. Could 
also be used by the program when delays are needed, such as to slow 
down the computer reaction rate while playing a game against the 
human operator. 

Figure 6. Utility Subroutine Definitions 
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CLEAR 



FILL 



MAIN BACKGROUND PROGRAM 



PRINT 



WDISP 



KBDIN 



ECHO 



ENCACC 

Figure 7. Subroutine 



RENTRY 



HOLD 




Figure 8 Prototype System Schematic 
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PAGE 1 



isis-ii MCS-4S/UH-41 macro assembler, V2.e 

mm. INTEL MCS-48 KEVBOflRC-XDISPLfiV APPLICATION NOTE APPENDIX 
LOC: 083 SEQ SOURCE STATEMENT 

1 smacrofile xref 

2 $TITLE<"AF48: INTEL MCS-48 KEVBOAPD/DISPLftV APPLICATION NOTE APPENDIX' .'> 

4 .m FOLLOWING SOFTWARE PACKAGE PROVIDES A SEVEN SEGMENT DISPLAV 

5 ■ INTERFACE Ft*' MICROCOMPUTERS IN THE INTEL MCS-48 FAMILY 

6 ■ THE CODE IS WRITTEN SO THAT VARIOUS HARDWARE 

7 .CONFIGURATIONS CflN BE ACCOMODATED BY REDEFINING THE INITIAL VARIABLES. 

8 i IN MOST SITUATIONS. THE KEYBOARD/DISPLAY INTERFACE WILL BE REWIRED TO 

9 ■ IMPLEMENT MORE SOPHISTICATED SINGLE-CHIP SVSTEHS (CALCULATORS. SCALES. CLOCKS' 
19 ..ETC. ), WITH SECTIONS OF THE FOLLOWING CODE SELECTED AND MODIFIED AS NECESSARY 

11 .FOR EACH APPLICATION. 

12 i 

13 ,A SINGLE SUBROUTINE 'CALLED REFVSH) IS USED TO IMPLEMENT BOTH THE DISPLAY 

14 : MULTIPLEXING AND KEYBOARD SCANNING. USING THE SAME SIGNAL BOTH TO ENABLE 

15 ..ONE CHARACTER OF THE DISFLfiV AND TO STROBE ONE ROW OF THE X-V KEY MATRIX. 

16 ; THE SUBROUTINE MUST BE CALLED SUFFICIENTLY OFTEN TO ENSURE THE DISPLAY 

17 , CHARACTERS DO HOT FLICKER- AT LEAST 5* COMPLETE DISPLAV SCANS PER SECOND. 

18 .TO ACCOMODATE SWITCHES Of ARBITRARY CHEAPNESS. THE DEBWNCE TIME CAN BE 

19 .SET TO BE ANY DESIRED NUMBER OF COMPLETE SCANS 

2S .THUS THE DEBOUNCE TIME IS A FUNCTION OF BOTH THE SCAN RATE AND THE VALUE 

21 ,OF CONSTANT 'DEBNCE' 

22 i 

23 i IN THIS LISTING, THE INTERNAL TIMER IS USED TO GENERATE INTERRUPTS THAT 

24 ; SERVE AS A TIME BASE FOR THE REFRESH SUBROUTINE. 

25 ; ALTERNATE TIME BASES MIGHT BE AN EXTERNAL OSCILLATOR (DRIVING THE INTERRUPT 

26 ,PIN OR: POLLED BY A TEST OR INPUT PIN), A SOFTWARE DELAY LOOP IN THE BACKGROUND 

27 ..PROGRAM, BR PERIODIC CALLS TO THE SUBROUTINE FROM THROUGHOUT THE USER S PROGRAM 

28 j AT APPROPRIATE PLACES. 

29 i IN THESE CASES, THE CODE STARTING AT LABEL T I INT (TIMER INTERRUPT) AND TIRET 
38 ;CTIINT RETURN) COULD STILL BE USED TO SAVE AND RESTORE ACCUMULATOR CONTENTS 

31 -THE INTERRUPT SERVICING ROUTINE SELECTS REGISTER BANK 1 

32 .FOR 1 HE NEEDED REGISTERS 

33 I 

34 i 

35 ..WRITTEN BY JOHN WHARTON, INTEL SINGLE-CHIP COMPUTER APPLICATIONS 

36 i 

37 tEJECT 



All mnemonics copyrighted © Intel Corporation 1976. 
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LOC OBJ 



SEC 



SOURCE STATEMENT 



68 
61 
62 
63 
64 
6S 
66 
67 
68 
6S 
78 
71 
72 
73 
74 
75 
76 
77 
78 
79 
38 
81 



JN THIS IMPLEMENTATION OF THE DISPLAV SCAN, IT IS ASSUMED (HAT THERE WILL 
BE RELATIVELY LITTLE I/O OTHER THAN FOR THE Kt YBOARD/D I SF1AV 
IF THIS IS THE CASE, THEN THERE IS NO NEED FOR FOR ANV ADDITIONAL EXTERNAL 
LOGIC (SUCH AS ONE-OP -EIGHT DECODERS OR SEVEN- SEGMENT ENCODERS I THOUGH 
■RE HILL STILL BE A NEED FOR CURRENT OR VOLUME DRIVERS- ACCORDING TO 
THE TVPE OF DISPLAV BEING USED 

IN THIS LISTING, THE PROCESSOR I/O PORTS APE LOG 1 CALL V DIVIDED AS FOLLOWS 

F'DIGIT-EIGHT BIT PORT USED TO ENABLE, ONE AT A TIME, THE INDIVIDUAL 
CHARACTERS OF AN EIGHT DIG] I SEVEN-SEGMENT DISPLAV. WHILE ALSO 
STROBING THE ROWS OF AN X-V MATRIX KEYBOARD 

BIT? ENABLES THE LEFTMOST CHARACTER AND THE BOTTOM ROW OF THE K8D, 

BIT4 ENABLES THE TOP' ROW OF THE 4X4 KBD AND THE FOURTH CHARACTER, 

BIT8 ENABLES THE RIGHTMOST CHARACTER 

(A 4X8 KEVBOARD COULD BE STROBED BV ALSO USING BIT3-BIT8 

AND EXTENDING OR ELIMINATING THE TABLE, "LEGNDS" > 

THE ENABLING OF ONE BIT (ACTIVE HIGH OR LOW) IS ACCOMODATED BV 

ACCESSING A LOOK-UP TABLE CALLED CHRST6 

THIS TECHNIGUE TAKES ABOUT FOUR BYTES MORE PON THAN A TECHNIQUE 

OF ROTATING A 'ONE THROUGH A FIELD OF 'ZEROES' IN THE ACC 

AN APPROPRIATE NUMBER OF TIMES, BUT IT ALLOWS SOME ADDITIONAL 

FLEXABILITV: IF THE DRIVERS BEING USED HAVE A COMBINATORIAL INPUT 

(AS IN THE 7545X FAMILY OF HIGH-CURRENT, HIGH- VOLTAGE DRIVERS), 

THE CHRSTB TABLE COULD PROVIDE ENCODED OUTPUTS. NINE DIGITS, FOR 

EXAMPLE, COULD BE ENABLED WITH SIX BITS OF (BUFFERED- OUTPUT: 

(881881, 881818, 881188, 818881, 818818. 818188, 188881, 188818, 188168) 

IF I/O LINES NEED TO BE CONSERVED, OR IF MANY DIGITS 

MUST BE DISPLAYED, AN EXTERNAL DECODER COULD BE ADDED TO THE SYSTEM. 

DURING CHARACTER TRANSITIONS A 'BLANK' CHARACTER IS 

EXPLICITLY WRITTEN TO THE DISPLAV THUS, 

THERE WILL BE NO CHARACTER "'SHADOWING' CAUSED BY THE 

FACT THAT THE HARDWARE OR SOFTWARE DECODER KEEPS ONE 

OUTPUT, AND THUS ONE CHARACTER, ACTIVE AT ALL TIMES 

PSGMNT-EIGHT BIT PORT TO ENABLE THE SEVEN SEGMENTS * D P OF A STANDARD 
DISPLAV 

BIT7-BIT8 CORRESPOND TO THE DP AND SEGMENTS G THROUGH A, RESPECTIVELY 
IT IS POSSIBLE TO ACCOMODATE 

DRIVERS WHICH ARE EITHER LOGICALLY INVERTING OR NON- INVERTING BY 
SETTING VARIABLE '5EGPOL' (SEGMENT POLARITY) 

NOTE THAT BY HAVING ARBITRARY CONTROL OVER EACH SEGMENT, NON-NUMERIC 
CHARACTERS CAN BE REPRESENTED ON A SEVEN SEGMENT DISPLAY, 
AS SHOWN IN EXAMPLE SUBROUTINE 'TEST2'. 



83 tEJECT 



All mnemonics copyrighted © Intel Corporation 1976. 



3-8 



PAGE 3 
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HP48 INTEL MCS-48 KEYB0ARD/D1SPLAV APPLICATION NOTE APPENDIX 

LOC OBJ SEfi SOURCE STATEMENT 

84 iPINPUT-FOOR HIGH-ORDER BUS USED AS INPUTS FROM THE KEVBOflRD RETURN LINES 

85 ; ASSUMES THAT A KEV DOWN IN THE CURRENTLY ENABLED ROW MOULD RE1URN 

86 :■ A LOW LEVEL 

87 ; IN THIS CASE, BIT? RETURNS THE LEFTMOST COLUMN, BIT4 THE RIGHTMOST 

88 i THE HIGH-ORDER BUS ARE USED SO THAT IF AN OFF-CHIP DECODER IS USED 

89 i TO ENABLE UP TO 16 CHARACTERS, FOR EXAMPLE, IT GOULD BE DRIVEN BY 
98 i THE LOW ORDER BITS OF THE SAME PORT, 

91 , NOTE ALSO THAT IF A SIXTEEN KEY MATRIX WERE ELECTRICALLY ORGANIZED 

92 :■ IN A 2X8 ARRAY. ONLY TWO RETURN LINES WOULD BE NEEDED. 

SS i (IN THIS CASE, PERHAPS T8 AND Tl COULD BE USED FOR INPUT BITS > 

94 s 

95 ..PULL-UP RESISTORS ON THE RETURN LINES MIGHT BE IN ORDER IF THERE IS ANY 
% ..POSSIBILITY OF A HIGH-IMPEDENCE CONDUCTIVE PATH THROUGH THE SWITCH WHEN 

97 i IT IS SUPPOSED TO BE 'OPEN . 

98 i (THIS PHENOMENON HAS ACTUALLY BEEN OBSERVED ) 

99 i 

188 i THE DRIVERS USED IN THE PROTOTYPE WERE ALL NON-INVERTING IN THAT 

1W ;fl HIGH LEVEL ON AN OUTPUT LINE IS USED TO TURN A CHARACTER OR: SEGMENT ON. 

102 ; THERE APE A TOTAL OF SEVEN 1/0 LINES LEFT OVER. 

18? i 

104 i THE ALGORITHM FOR DRIVING THE DISPLAY USES A BLOCK OF INTERNAL RAM 

185 ;AS DISPLAY REGISTERS, WITH ONE BYTE CORRESPONDING TO EACH CHARACTER OF THE 

186 ; DISPLAY THE EIGHT BITS OF EACH BYTE CORRESPOND TO THE SEVEN SEGMENTS * DP 
107 ,OF EACH CHARACTER. IF AN EXTERNAL ENCODER IS USED 'SUCH AS A FOUR-BIT TO 

188 ; SEVEN-SEGMENT ENCODER OR A ROM FOR TRANSLATING ASCII TO 

189 i SIXTEEN-SEGMENT "STflRBURST" DISPLAY PATTERNS.), THE TABLE ENTRIES WOULD HOLD 
118 ..THE CHARACTER CODES. ON THE FORMER CASE, AN UNUSED BIT COULD BE USED TO 

111 ; ENABLE THE D P > 

112 i THUS, WRITING CHARACTERS TO THE DISPLAY FROM THE BACKGROUND PROGRAM 

113 ..REALLY ENTAILS WRITING THE APPROPRIATE SEGMENT 

114 i PATTERNS 10 A DISPLAY REGISTER- THE ACTUAL OUTPUTTING IS AUTOMATIC. 

115 i THE LEFTMOST CHARACTER CORRESPONDS TO THE LAST BYTE OF THE DISPLAY 

116 i REGISTERS, AND IS ACCESSED BY NEXTPL=8 (SEE SOURCE); THE RIGHTMOST 

117 ; CHARACTER IS THE FIRST DISPLAY BYTE. WHEN NEXTFL=1 

118 i UTILITY SUBROUTINES ARE INCLUDED HERE TO TRANSLATE FOUR BIT NUMBERS TO HEX 

119 ; DIGIT PATTERNS, AND WRITE THEM INTO THE DISPLAY REGISTERS SEQUENT IALLV 

128 i (EITHER FILLING FROM THE LEFT- H. P. CALCULATOR STYLE OR FROM THE 

121 • RIGHT- T. I. STYLE, SUBROUTINES WDISP AND RENTRV, RESPECTIVELY;. 

122 , 

123 < THE KEYBOARD SCANNING ALGORITHM SHOWN HERE REQUIRES A KEY BE DOWN FOR 

124 ;SONE NUMBER OF COMPLETE DISPLAY SCANS TO BE ACKNOHLEGED SINCE IT IS 

125 i INTENDED FOR 'ONE-FINGER' OPERATION, TWO-KEY ROLLDVER/N-KEV LOCKOUT HAS 

126 • BEEN IMPLEMENTED HOWEVER, MODIFICATIONS WOULD BE POSSIBLE TO ALLOW, FOR 
12? .EXAMPLE, ONE KEY IN THE MATRIX TO BE USED AS A SHIFT KEY OR CONTROL KEY 

123 ,T0 BE HELD DOWN WHILE ANOTHER KEY IN THE MATRIX IS PRESSED. (SEE NOTE WITHIN 

129 , THE BODY OF THE LISTING. > 
138 i 

131 IEJECT 
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AP48: INTEL HCS-48 KEVBOfiRD/HSPLflV APPLICATION NOTE APPENDIX 

LOC OBJ SE« SOURCE STATEMENT 

132 , (BE AWARE THAT NO MORE THAN TWO KEYS CRN EVER BE DOWN UNLESS DIODES 

133 ;ARE PLACED IN SERIES WITH ALL OF THE SWITCHES- CERTAINLV NOT THE CASE FOR EL 

134 ; CHEAPO KEYBOARDS- BECAUSE SOME COMBINATIONS OF THREE KEYS DOWN WILL RESULT 

135 i IN A 'PHANTOM' FOURTH KEY BEING PERCEIVED. 

126 .THE PHANTOM KEY WOULD BE THE FOURTH CORNER ' WHEN THREE KEYS FORMING 

137 ..A RECTANGULAR PATTERN (IN THE X-Y KEY MATRIX) ARE DOWN. ) 

138 ; IF DIODES AR'E PLACED IN THE SCANNING ARRAY, CONSIDERATIONS MUST BE MADE 

139 ..ABOUT HOW THE DIODE VOLTAGE DROP WILL AFFECT INPUT LOGIC LEVELS. 
143 , 

141 ;WHEN A DEBOUNCED KEY IS DETECTED, THE NUMBER OF ITS POSITION IN THE KEY 

142 MATRIX (LEFT-TO-RIGHT, BOTTOM-TO-TOP, STARTING FROM 88) IS PLACED INTO 

143 i RAM LOCATION 'KBDBUF' AN INPUT SUBROUTINE THEN NEED ONLY READ THIS LOCATION 

144 REPEATEDLY TO DETERMINE WHEN A KEY HAS BEEN PRESSED WHEN A KEY IS DETECTED, 

145 ,A SPECIAL CODE BYTE SHOULD BE WRITTEN BACK TO INTO 'KBDBUF TO PREVENT 

146 < REPEATED DETECTIONS OF THE SAME KEY 

147 ,THE ROUTINE 'KBDIN' DEMONSTRATES A TYPICAL INPUT PROIOCOL, ALONG WITH fl METHOD 

148 ,FOR TRANSLATING A KEY POSITION' TO ITS ASSOCIATED SIGNIFICANCE BY ACCESSING 

149 ; TABLE 'LEGNDS' IN ROM 
158 . 

151 IEJECT 
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AP40: INTEL MCS-48 KEYBOARD/DISPLAY APPLICATION NOTE APPENDIX 

LUC OBJ SEfi SOURCE STATEMENT 





152 ;#***** 

153 i 

154 : 

155 ; 


INITIAL EQUATES TO DEFINE SYSTEM CONFIGURATION 




156 ;****** 

157 i 








0010 


158 PDIGIT 


UDII 


PI K 


IKFD TO FWfiPl F fHflPflf'TFP^ (Mi ^TPHRF PHU^ ff KFVRfiftR'D 
tvj&t lu crtnt'LC L-nnp.nL i tiw rimy jirudc r.uwj 'jt rscTDunr.L' 




159 PSGMNT 




M 
rl 


■ [ ICPFI Tfi TIIPM fill CFftMCWTQ HP niPPFllTIV PW&RI ETi hTflTT 




160 PINPUT 




P'* 
rt 






161 






; (NOTE THAT THIS PORT ALLOCATION USES THE HIGHER 




162 






; CURRENT SOURCING RBILITY OF THE BUS TO SWITCH ON THE 




163 










164 






rtW 894*3 PflC'T FVPfiMTiFt' IM TUC CUCTFM *i 




165 l 










lot' rubLUu 




QOU 

'j'jn 




00FF 


167 NEGLOG 




MFFH 
tern 






168 ; 








mm 


169 CHRPOL 


Full 


pnci fin 


DFFTMFs IdHFTHFP flMTPMT 1 TMF^ hPF RfTlVF HI fS? 1 fUJ 


0000 


170 SEGPOL 






i^Pfifi hRIVIWi rHflPfiTTFIfc; AND "^FfiHFNT PflTTFIWK 

.> <rUK LKivlnU WnnPnt 1 L.n._> nrtV jCUI Itlt! rnl ItWW 


00P0 


171 IHPMSK 


Full 




P.FMWFv One IICETi INPUT 




172 t 








0008 


173 mm 


EQU 


8 


i NUMBER OF DIGITS IN DISPLAY 


0004 


174 NPOWS 


EQU 


4 


; ROWS OF KEVS .'LESS THAN OR EQUAL TO CHAfiNO) 


0004 


175 NCOLS 

176 f 


EQtJ 


4 


i LESSER DIMENSION OF KEYBOARD MATRIX 


FFF8 


177 TICK 


EQU 


-18H 


i DETERMINES INTERRUPT INTERVAL 


0004 


178 DEBNCE 




4 


NUMBER OF SUCESSIVE SCANS BEFORE KEY CLOSURE ACCEPTED 


0000 


179 BLANK 


EQU 


00H 


; CODE TO BLANK DISPLAY CHARACTERS. 




180 






, (WOULD BE 20H IF ASCII DECODING ROM USED OR 0FH IF 




181 






, 7447-TYPE SEVEN-SEGMENT DECODER EXTERNAL TO 8748) 




182 , 








060F 


183 ENCHSK 


EQU 


0FH 


■ SELECTS WHICH BITS ARE RELEVANT TO ENCACC SUBROUTINE 




184 i 










185 iEJECT 
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AP48: INTEL MCS-48 KEYBOARD/DISPLAY APPLICATION NOTE AFfENDIX 



LLC OBJ 



SEfl 



SOURCE STATEMENT 



8887 



aaad 
WW 

8885 

oaar 

998 ( 



8637 



186 

187 



188 i BANK 8 REGISTERS USED 



189 
198 
191 
192 
193 
194 
195 
196 
197 
198 
199 
286 
281 
282 
263 
264 
285 
286 
287 
288 
269 
218 
211 



; POINTERS USED FOR INDIRECT RAM ACCESSING: 
PNTR8 EQU R8 
PNTR1 EQU Rl 

NEXTPL EQU R7 ,USED TO KEEP TRACK OF CHARACTER POSITION BEING 
, WRITTEN INTO 



BANK 1 REGISTER ALLOCATION 



PNTR8 
PNTR1 
ASAVE 
ROTPAT 
ROTCNT 



EQU R6 

EQU Rl 

EQU R2 

EQU R4 

EQU R5 

LASTKV EQU R6 

CURDIG EQU R7 

****************, 



(ALREADY DEFINED) 

; HOLDS ACCUMULATOR VALUE DURING SERVICE ROUTINE 
;USED TO HOLD INPUT PATTERN BEING ROTATED THROUGH CY 
; COUNTS NUMBER OF BITS ROTATED THROUGH CV 
; HOLDS KEY POSITION OF LAST KEY DEPRESSION DETECTED 
; HOLDS POSITION OF NEXT CHARACTER TO BE DISPLAYED 



***** 



DATA RAM ALLOCATION 



8826 


212 NREFTS 


EQU 


32 


; KEEPS TRACK OF SUCCESSIVE READS OF SAME KEYSTROKE 


8621 


213 KEYLOC 


EQU 


33 


i INCREMENTED AS SUCCESSIVE KEY LOCATIONS SCANNED 


8622 


214 KBDBUF 


EQU 


34 


; CARRIES POSITION OF DEBOUNCED KEY FROM REFRSH ROUTINE 




215 






i\ BACK TO BACKGROUND PROGRAM 


6623 


216 RDELAY 


EQU 


35 


i NON-ZERO WHEN DISPLAY IN PROGRESS 



217 i 

218 i 

219 ; 

228 SEGMAP 
221 

222 
223 
224 
225 
226 
227 
228 

229 . 
238 i 

231 IEJECT 



THE LAST <CHARNO> REGISTERS HOLD THE DISPLAY SEGMENT PATTERNS 



EQU 



(63-CHARNO) 



i BASE OF REGISTER ARRAY FOR DISPLAY PATTERNS 
>\ (COULD BE ANYWHERE IN INTERNAL RAM) 



NOTE THAT LASTKY. CURDIG, AND Fl RETAIN STATUS INFORMATION FROM 
ONE INTERRUPT TO THE NEXT. ALL OTHER REGISTERS MAY BE USED IN 
THE USER'S OWN INTERRUPT SERVICING ROUTINE 
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AP48: INTEL MCS-48 KEVBOflRD/D I SPLhV APPLICATION NOTE APPENDIX 



LOC OBJ 



SE6 



SOURCE STATEMENT 



8087 



8887 D5 

8888 AA 

8889 23F0 
62 



888C 1418 



888E FA 

93 



232 
233 
234 
235 
236 
237 
238 
239 
248 
241 
242 
243 
244 
245 
246 
247 
248 
249 
258 
251 
252 
253 
254 
255 
256 
257 
258 
259 
268 
261 
262 
263 
264 
265 
266 
267 
268 
269 
278 
271 
272 



***** 

ORG 



ORG 



**-****************** 



888H 
JMP 



807H 



INIT 



;TIINT TIMER INTERRUPT SUBROUTINE 

; CALL MADE TO LOC 887H WHEN TIMER TIMES OUT 

; TIMER CAN BE RE-INITIALLIZED AT THIS POINT IF DESIRED. 

; USED HERE TO CAUSE THE DISPLAV REFRESH AND KEV SCAN ROUTINES TO 

BE CALLED PERIODICALLY. 
TI INT : SEL RBI 

MOV ASAVE, A 

MOV A.. #TICK 

MOV T..A ; RELOAD TIMER INTERVAL 



THE USER'S OWN TIMER INTERRUPT ROUTINE (IF IT EXISTS) COULD 
BE PLACED AT THIS POINT 



CALL REFRSH 



; CAUSE DISPLAV TO BE UPDATED 



THE COMPLETE INTERRUPT ROUTINE SHOULD BE COPIED HERE 

TO SAVE A FULL LEVEL OF SUBROUTINE NESTING. 

IT HAS HRITTEN AS A SUBROUTINE HERE FOR THE SAKE OF CLARITY. 



********** 



********************** 



TIRET TIMER INTERRUPT RETURN CODE- RESTORES HCC VALUE 
TIRET: MOV A, ASAVE 
RETR 

i 

*EJECT 
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AP40: INTEL MCS-48 KEYBOARD/DISFLAY APPLICATION NOTE APPEND IK 



LOC OBJ 



SEQ 



SOURCE STATEMENT 



8810 


2280 


8812 


39 


8813 


2357 


8815 


6F 


8816 


A3 


0017 


02 


8818 


2337 


eeifl 


6F 


001B 


A9 


881C 


Fl 


0010 


39 



081E B821 
8828 8A 



273 
274 
275 
276 
277 
273 
279 
288 
281 
282 
283 
284 
285 
286 
287 
288 
289 
298 
291 
292 
293 
294 
295 
296 
297 
298 
299 
380 
381 
202 
303 
304 



REFRSH SUBROUTINE TO MULTIPLEX SEVEN-SEGMENT DISPLAYS. 

EACH CALL CAUSES THE NEXT CHARACTER TO BE DISPLAYED. 
ACCORDING TO THE CONTENTS OF THE SEGMAP REGISTER ARRAY 
REFRSH SHOULD BE CALLED AT LEAST EVERY MSEC OR SO. 



REFR1: 



REFRSH: MOV 
OUTL 
MOV 
ADD 
MOVP 
OUTL 



MOV 
ADD 
MOV 
MOV 
OUTL 



A, IBLflNK m SEGPOL 

PSGMNT..A i WRITE BLANK PATTERN TO SEG DRIVERS 

A,#CHRST6 , LOOK UP DIGIT ENABLE PATTERN 
Aj CURD I G ..ADD CURDIG DISPLACEMENT 

A,?A , ENABLE ONE BIT OF ACCUMULATOR 

FDIGIT, A j ENERGIZE CHARACTER 

■WRITE NEXT SEGMENT PATTERN 
A, #SEGMAP i LOAD BASE OF REGISTER ARRAY 
A, CURDIG i ADD CURDIG DISPLACMENT 

PNTR1. A 

A,0PNTR1 i LOAD ACC W NEXT SEGMENT PATTERN 

PSGMNLH .ENABLE APPROPRIATE SEGMENTS 



THE NEXT CHARACTER IS NOW BEING DISPLAYED. 
THE KEYBOARD SCAN ROUTINE IS INTEGRATED INTO THE DISPLAY SCAN. 
WITH THE CURRENT ROW ENERGIZED, CHECK IF THERE ARE ANY INPUTS. 
m********************************^^ 

SCAN: MOV PNTR8, #KEYLDC > SET POINTER FOR SEVERAL KEYLOC REFERENCES 
IN A,PINPUT , LOAD ANY SWITCH CLOSURES 



306 
387 
308 
389 
210 
311 
312 
313 
314 
315 
316 
317 
318 
319 
328 
321 
322 
323 



;*# THIS BLOCK OF CODE IS NOT NEEDED BY THE KEYBOARD SCAN LOGIC. ### 

HOWEVER, ITS INCLUSION WOULD SPEED THINGS UP A BIT BY ### 

SKIPPING OVER ROWS IN WHICH NO KEYS ARE DOWN. ### 

IT WAS OMITTED HERE TO CONSERVE ROM SPACE, BUT MIGHT BE ### 

RESTORED IF VERY LARGE KEYBOARDS (ESPECIALLY THOSE WITH EIGH1 ### 

KEYS PER ROW) ARE TO BE USED WITH THIS ALGORITHM ### 



.## 

i N 
;M 

m 

: mmmmmm* 



IM I WII ll l l lllUHIII I H II IIMII I t ll l l H 

iff CPL A ;ANV CLOSURES DETECTED ARE NOW ONE BITS ### 

,## ANL A,#INPMSK ### 

; ## JNZ SCAN1 .; -IF A KEY IN THE CURRENTLY ENABLED ROW IS DOWN »#* 

;##; NO KEY IS NOW DOWN SO THE KEYLOC COUNT MAY BE UPDATED DIRECTLY ### 

;H MOV A..9PNTR0 ### 

;## ADD A,#NCOLS ### 

;H MOV SPNTR0, A m 

;H JMP SCAN6 ### 

« IF THIS CODE IS USED* SUBSTITUTE THE JC SCHN5" FOUR LINES ### 

;## HENCE WITH 'JNC 5CAN5" TO ACCOMODATE THE INVERTED POLARITV ### 

$EJECT 
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LOC OBJ 



SEQ 



SOURCE STATEMENT 



8821 BD64 

8823 F7 

8824 AC: 

8825 F63F 



8827 A5 

8828 85 



8029 F8 
882A 2E 
882B DE 
882C B828 
882E C634 



324 
325 
326 
327 
328 
329 
338 
331 
332 
333 
334 
335 
336 
337 
338 
339 
348 
341 
342 
343 
344 
345 
346 
347 
348 
349 
358 
351 
352 
353 
354 
355 
356 
357 
358 
359 
368 
361 
362 
363 
364 



.; *********************************************************** 

i ROTATE BITS THROUGH THE CY WHILE INCREMENTING K.tVUC 

l 

SCflNl: MOV RuTCNL #NCOLS ; SET UP FOR <NCOLS> LOOPS THROUGH 'NXTLOC 

NXTLOC: RLC A 

MOV ROTPAL A i SAVE SHIFTED BIT PATTERN 

JC SCAN5 ;ONE BIT IN CV INDICATES KEY NOT DOWN 



****************** 



*********************** 



AT THIS POINT IT HAS JUST BEEN DETERMINED THAT THE VALUE 
OF KEYLOC IS THE POSITION OF A KEY WHICH IS NOW DOWN 
THE FOLLOWING CODE DEBOUNCES THE KEY, ETC. 
IF MODIFICATIONS TO THE KEYBOARD LOGIC I. E THE INCLUSION 
OF A SHIFT, CONTROL, OR MODE KEY IN THE KEY MATRIX ITSELF) 
ARE DESIRED, THEY SHOULD BE MADE AT THIS POINT, BEFORE 
THE DEBOUNCE LOGIC BEGINS FOR EXAMPLE, AT THIS POINT 
KEYLOC COULD BE COMPARED AGAINST THE POSITION OF THE MODE 
KEY, AND IF THEY MATCH SET SOME FLAG BIT AND .JUMP TO 
LABEL 'SCANS'' OR, BY COMPARING KEYLOC AGAINST THE LAST 
KEY DEBOUNCED, IMMEDIATE TWO-KEY ROLLOVER COULD BE 
IMPLEMENTED. 



CLR 
CPL 



Fl ; MARK THAT AT LEAST ONE KEY WAS DETECTED 

Fl i \ IN THE CURRENT SCAN 



***************** 

A KEYSTROKE HAS DETECTED FOR THE CURRENT COLUMN. ITS 

POSITION IS IN REGISTER KEYLOC SEE IF SAME KEY SENSED LAST CYCLE 



MOV 
XCH 
XRL 
MOV 
JZ 



A. 8PNTR8 
A, LASTKY 
A, LASTKY 
PNTR8, tNREPTS 
SCAN3 



i PNTR8 SI ILL HOLDS IKEYLOC 



< PREPARE TO CHECK AND/OR MODIFY REPEAT COUNT 



SEJECT 
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30UKU ilHItftN! 



88se am 

8832 843F 



365 
366 
36? 
368 
369 
378 
371 
372 
373 

374 i 

375 .. 

376 i 
37? j 
378 
379 



ft DIFFERENT KEV WAS READ ON THIS CYCLE THftN OH THE PREVIOUS CYCLE. 
SET NREPTS TO THE DEBOUNCE PARAMETER FOR ft NEW COUNTDOHN. 

mov mm, IOEBNCE 
JMP SCftNS 

:**********+*****^*******^^ 

SOME KEY WAS DETECTED AS ON PREVIOUS CYCLE 
LOOK AT HREPTS: IF ALREADY ZERO, DO NOTHING. 
ELSE DECREMENT NREPTS 

IF THIS RESULTS IN ZERO, MOVE LASTKV INTO KBDBUF. 



; IF ALREADY ZERO 

i INDICATE ONE MORE SUCCESIVE KEY DETECTION 
■ IF DECREMENT DOES NOT RESULT IN ZERO 



8834 


F8 


388 SCftNS: 


MOV 


a&FNTR0 


8835 


C63F 


381 


JZ 


SCAN5 


883? 


07 


382 


DEC 


ft 


8838 


A0 


383 


MOV 


l»PNTR0, ft 


8839 


963F 


384 


JNZ 


SCftN5 


883B 


FE 


385 


MOV 


A, LASTKV 


883C 


B822 


386 


MOV 


PNTRO, IKBQeUF 


883E 


A8 


387 


MOV 


li , PNTR0.' ft 



;T0 MARK NEW KEY CLOSURE 



083F B821 

0841 10 

0842 FC 
8843 ED23 



8845 EF5? 



389 SCANS: MOV PNTR8, #KEVL0C 
398 INC 0PNTR8 

391 NOV ft.. ROTPAT 

392 DJNZ ROTCNT.. NXTLOC 

393 i 

394 i 

395 SCAN6: DJNZ CURDIG, SCANS 

396 ; 

397 JEJECT 
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11 



LOC 06.J 



SEB 



SOURCE STRTEHENT 



8847 BF88 
6849 B806 
004B 764F 
864D BEFF 
804F A5 



8856 B923 

8852 Fl 

8853 C657 
8855 87 
0056 fll 

8057 83 



8857 
8858 81 
0859 82 
885H 84 
885B 88 
085C 1? 
085T- 2t' 
885E 48 
?05F 86 



398 
399 
488 
481 
402 
403 
404 
485 
486 
487 
488 
489 
418 
411 
412 
413 
414 
415 
416 
417 
418 
419 
428 
421 
422 
423 
424 
425 
426 
427 
428 
429 
438 
431 
432 
433 
434 
435 
436 
437 
438 



THE FOLLOWING CODE SEGMENT IS USED BY THE KEYBOARD SCANNING ROUTINE 
IT IS EXECUTED ONLV AFTER A REFRESH SEQUENCE OF ALL 
THE CHARACTERS IN THE DISPLAV IS COMPLETED 



SCANS: 



MOV 
MOV 
JF1 
MOV 
CLR 



CURDIG, ttCHARNO 
CPNTR8, #8 
SCANS 

LASTKV, #8FFH 
Fl 



;PNTR8 STILL CONTAINS #KEYLQC 

; JUMP IF ANV KEYS WERE DETECTED 

; CHANGE <LRSTKY> WHEN NO KEVS ARE DOWN 



THE NEXT CODE SEGMENT IS THE INTERRUPT-DRIVEN PORTION OF THE 'DELAY' 
UTILITY. IT DECREMENTS RAM LOCATION 'RDELAY' ONCE PER DISPLHY SCAN 
IF 'RDELAY' IS NOT ALREflDY ZERO 
************** 



MOV 

MOV 

JZ 

DEC 

MOV 

SCAN9 RET 



PNTR1.. #RDELRV 

A,i?PNTRl 

SCAN9 

A 

0PNTR1, A 



•CHRSTb IS THE BASE FOR THE PATTERNS TO ENABLE ONE-OF-CHARNO CHARACTERS. 



CHRST8 



EQU itm AND 0FFH 

Db 1.008880018 XOR CHRPOL) 

W (888688186 XOR CHRPOL.' 

db mmwrn xor chrpod 

DB ''300310886 XOR CHRPOL) 

DB '00810000B XOR CHRPOL) 

DB '891088886 XOR CHRPOL) 

DB (81800008B XOR CHRPOL) 

DB (186880086 XOR CHRPOL) 



tEJECT 
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LOC OBJ 



SEO 



SOURCE STATEMENT 



439 ; INIT INITIALIZES PROCESS*' REGISTERS 



8868 D5 
8861 BF88 
8863 B822 
8865 68FF 
8867 B821 

886B 23F8 
886D 3A 
886E C5 
886F 149E 

8871 fl5 

8872 23F9 

8874 62 

8875 55 

8876 25 



8877 1482 
8879 B281 



887B MBA 
887D 14DB 
887F 8477 

8881 2488 



448 INIT 

441 

442 

443 

444 

445 

446 

447 

448 

449 

458 

451 

452 

453 

454 



SEL 
MOV 
MOV 

10V 

NOV 

MOV 

OUTL 

SEL 

CALL 

CLR 

MOV 

MOV 

STRT 

EN 



CURM6, tCHARNO 

PNTR8,#KBDBUF 

8PNTR8, #8FFH 

PNTR8,#KEVL0C 

9PNTR8, #8 

A, #INPMSK 

PINPUT, A 

RB8 

CLEAR 

Fl 

A/ ITICK 
LA 
T 

TCNTI 



; SET BIDIRECTIONAL INPUT LINES 



iUTILITV FOR SETTING INITIAL DISPLAY REGISTERS. 



i LOAD INTERRUPT RATE VALUE 



■ ENABLE TIMER INTERRUPTS 



ECHO 



455 
456 ; 
457 
458 
459 
468 
461 
462 
463 
464 
465 ECHO: 
466 

467 ; 

468 i 

469 . 
478 
471 

472 ; 

473 FKEV: 

474 ; 

475 IEJECT 



*********************** 



CHECK FOR ANV NEW KEYSTROKES DETECTED 
TRANSLATE EACH KEYSTROKE INTO A SEGMENT PATTERN 
AND WRITE IT INTO THE APPROPRIATE DISPLAY REGISTER. 



CALL KBDIN ;GET NEXT KEYSTROKE 

JB5 FKEV i JUMP IF KEY IN RIGHTHAND COLUMN 

SINCE THE ACC IS USED BY ENCACC AND RENTRY, ITS CONTENTS MUST 

BE PROCESSED OR' SAVED BEFORE ENCACC IS CALLED 

CALL ENCACC : FORM APPROPRIATE SEGHEN1 PATTERN 

CALL RENTRY > WRITE PATTERN INTO DISPLAY REGISTERS 

■JMP ECHO ,LOOF INDEFINITELY 



JMP 



FUNCTN 



i JUMP TO OFF-PAGE CODE TO CALL DEMO ROUTINE 
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«P49: INTEL MCS-48 KEYBOAPD/DISPLHV APPLICATION NOTE APPENDIX 



LOG OBJ 


SECl 

#f .*♦***« 

477 ■ 


SOURCE STATEMENT 










4?S • 


THE FOLLOWING SUBROUTINES IMPLEMENT THE UTILITIES COMMONLY USED FOR 




479 • 


MOST KEYBOARD/DISPLAY APPLICATIONS. 




488 • 


THEY COULD BE USED EXACTLY AS SHOWN HERE OR ADAPTED FOR SPECIAL CASES. 




481 i 








482 • 

An-> 




■KM ' 

484 ;KBDIN 


KEYBOARD INPUT SUBROUTINE. 




485 i 


COULD B 


■ USED TO INTERFACE THE USER'S BACKGROUND PROGRAM WITH 




488 i 


THE INTERRUPT DRIVEN KEYBOARD SCANNER. 




487 i 


RETURNS 


ONLY AFTER A NEW KEYSTROKE HAS BEEN DETECTED AND DEBOUNCED. 




488 ■ 


ENCODED VALUE OF KEY (RATHER THAN ITS POSITION IN SWITCH MATRIX) IS 




489 ■ 


RETURNED IN THE BCCUMULAIOR. 


9883 8922 


■198 K80IN- 


NOV 


PNTRl.i MBDBUF 


8885 2388 


491 


MOV 


A, I88H i KBDBUF WILL BE MARKED AS CLEAR 


8887 21 


492 


XCH 


H.8PNTR1 j LOAD BUFFER VALUE 


8888 F283 


493 


JB7 


KBDIN 


8888 838E 


494 


HDD 


A, ttLEGNDS l ADD BASE OF KEY ENCODING TABLE 


mm m 


495 


MOVP 


A,«A ; OBTAIN BYTE REPRESENTING KEY SIGNIFICANCE 


688D 83 


498 


RET 






497 i 

498 i 








IS THE BASE FOR TABLE SHOWING KEY MATRIX SIGNIFICANCE 






FOR THE KEYBOARD USED IN THE PROTOTYPE. 




JV1 i 


KEY LAYOUT IS AS SHOWN TO THE RIGHT. 












5fT> 


NOTE THAT BIT6-EIT4 MAY BE USED TO ENCODE KEY TYPE. IN THIS CASE. 




584 i 




8IT4 INDICATES REGULAR DECINAL DIGITS, 




595 i 




BH5 INDICATES RIGHT-COLUMN FUNCTION KEYS, 




587 i 




B1T6 INDICATES PUNCTUATION MARKS ( * AND # ). 


888E 


598 LEGNDS 


EOU 


($ AND 0FFH) i USE LOW ORDER BITS AS TABLE INDEX 


888E 4F 


589 


DB 


4FH 


888F 18 


518 


DB 


18H 


0898 4E 


511 


DB 


4EH 


8891 28 


512 


DB 


28H i PDIGIT4=> 1 2 3 <1> 


8892 17 


513 


DB 


17H 


8893 18 


514 


DB 


18H ; PDIGIT5=> 4 5 6 <2> 


8894 19 


515 


DB 


19N 


9095 24 


516 


DB 


24H .; PDIGIT6==> 7 8 9 <3> 


8098 14 


517 


DB 


14H 


9897 15 


518 


DB 


15H i P01GIT7=> * 8 * <4> 


9998 16 


519 


DB 


16H 


8899 22 


528 


DB 


22H ! ! ! ! 


8898 11 


521 


DB 


UH i ! ! ! ! 


089B 12 


522 


DB 


12H ; V V V V 


889C 13 




DB 


13H ; PINPUT7 PINPUTS PINPUT5 PINPUT4 


889D 21 


524 

525 $EJECT 


DB 


21H 
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LOC OBJ 



SEQ 



SOURCE STATEMENT 



889E 2388 

mm 6938 

88A4 fll 

sens is 

tJ0R6 EFft4 
EieftS 6F83 
88AA 83 



526 

528 
52? 
538 
531 
532 



CLERR WRITES HUNK' CHARACTERS INTO ai_ DISPLAY REGISTERS. 

RETURNS WITH NEXTPL SET TO LEFTMOST CHftRRCTER POSITION 
i FILL WRITES SEGMENT PATTERN NOW IN HCC INTO ALL DISPLAY REGISTERS 
CLEAR MOV A, #6LANK XOR SEGF'Ct 
FILL MOV PNTRi, #S£GMAP*i 

MOV NEXTPL.. #CHARN0 

MOV mm,H ..STORE THE BLANK CODE 

INC PNTP1 i POINT TO NEXT CHARACTER TO THE LEFT 

WfR NEXTPL.. CLRl 
MOV NEXTPL, KCHARNO 
RET 



534 CLRl 
535 
536 
537 
538 
539 
548 
541 
542 
543 
544 
545 
■j46 
547 
548 



fcJt'HD 


F8 


549 PRINT: 


MOV 


A, PNTR 


88AC 


A3 


558 


MOVP 


A, e*A 


88AO 


C6B4 


551 


JZ 


PRNT1 


88AF 


14D8 


552 


CALL 


WDISP 






553 i ## 


'CALL 


RENTRV 


8861 


18 


554 


INC 


PNTR8 


88B2 


84HB 


555 


IMP 


PRINT 


8864 


83 


556 PRNT1 


PET 





PRINT SUBROUTINE TO COPV A STRING OF BIT PATTERNS FROM ROM TO THE 

DISPLAY REGISTERS STRING STARTS AT LOCATION POINTED TO BY PNTR8. 
CONTINUES UNTIL AN ESCAPE CODE (8FFH) IS REACHED. 
NOTE THAT THE CHARACTER STRING PUT OUT MUST BE LOCATED ON THE SAME 
PAGE AS THIS SUBROUTINE, SINCE SAME-PAGE MOVES ARE USED. 
PRINT IN TURN CALLS EITHER SUBROUTINE 'WDISF' OR 'RENTRV ' 
TO ACTUALLY EFFECT WRITING INTO THE DISPLAY REGISTERS. 

i LOAD NEXT CHARACTER LOCATION 
i LOAD BIT PATTERN INDIRECT 
, ESCAPE PATTERN 

, OUTPUT TO NEXT CHARACTER POSITION 
INSTEAD IF MESSAGE IS TO BE RIGHT JUSTIFIED) 
i INDEX POINTER 

i DONE 



08B5 
8865 IE 
8966 5C 
88B7 74 
88B8 54 
8869 08 



JOHN 



558 
559 
568 
561 
562 JOHN 
563 
564 
565 
566 
567 
568 i 

56? fEJECT 



»» ft ****** (-».****♦***.**•*...♦ * *.***♦ ********** * 



ARRAY HOLDS THE BIT PATTERNS FOR THE LETTERS 'JOHN' (SEE 'TEST2') 

(NOTE THAT W IS WRITTEN IN LOWER CASE LETTERS) 

EQU * AND 8FFH 

DB 888111186 XOR SEGPOL 

DB 018111806 XOR SEGPOL 

DS 811181866 XOR SEGPOL 

DB 81810188B XOR SEGPOL 

DB 80 
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LLC OBJ SEO SOURCE STATEMENT 





578 
571 


J *. f i i f f - 








572 


; ENCACC ENCODES 


LSNIBBLE OF ACC INTO HEX BIT PATTERN INTO HCC 


coon -JA'yr 


57"* 


ENCACC: 


ANL 


A, KNCH5K 








ADO 


fi, IDGPATS 


06EE fl^ 


575 




MOVP 










RET 






S77 
Jr r 


i DGPHTS 


IS THE EASE FOR THE TABLE OF SEGMENT PATTERNS FOR THE BASIC 




S7S 


i DIGITS 


HERE THE FULL HEX SET (O-F) IS INCLUDED. 






iFOS MANY USER APPLICATIONS, THE CHARACTER SET WAV BE AMENDED OR AUGMENTED 




588 


iTO INCLUDE ADDITIONAL SPECIAL PURPOSE PATTERNS. 




SP1 


■ FORMAT IS 


PGFEDCBA IN STANDARD SEVEN-SEGMENT ENCODING CONVENTION 




5P.9 






WHERE P REPRESENTS THE DECIMAL POINT 




Jo.i 


DGPATS 


E8U 


I AND 8FFH 


OK", f JT 


584 




DB 


88111 111 B XOP SEGPOL 


uw'- l PC 


■JO-J 




08 


080061106 XOR SEGPOL 




■JOD 




DB 


01011811B XOR SEGPOL 


t't'Lo tr 


5P.7 




OB 


01081111B XOR SEGPOL 


8tfC4 c 6 


588 




OB 


81108118B XOR SEGPOL 


oars 






08 


01181181B XOR' SEGPOL 


eecb ?d 


590 




08 


01111181B XOR SEGPOL 


88C7 97 


591 




OB 


88800111B XOR SEGPOL 








OB 


01111111B XOR SEGPOL 




593 




OB 


0U00111B XOR SEGPOL 


88CA 7? 


594 




OB 


81110111B XOR SEGPOL 


sere ?r 


595 




OB 


BHiiifl8B XOR SEGPOL 


00CC 39 


596 




OB 


80111001B XI3R SEGPOL 


88CD 5E 


597 




DB 


81011118B XOR SEGPOL 


80CE 79 


598 




DB 


mmm m segpol 


08CF 71 


599 




DB 


011100018 XOR SEGPOL 




688 
681 

682 












683 


;WD!SP 


WRITES BIT PATTERN NOW IN SEC INTO NEXT CHARACTER POSITION 




684 




OF THE DISPLAY (NEXTPL). ADJUSTS NEXTPL POINTER VALUE. 




605 




RESULT S 


IN DISPLAY BEING FILLED LEFT TO RIGHT, THEN RESTARTING 


0900 A9 


606 


WDISP 


MOV 


PNTR1, A 


88D1 FF 


607 




MOV 


A, NEXTPL 


0002 8337 


608 




ADD 


A, #SEGMAP 


0804 29 


689 




XCH 


A, PNTR1 


0005 fll 


618 




MOV 


0PN1RLA 


8006 EFDA 


611 




OJNZ 


NEXTPL, WDISP1 


8808 BF08 


612 




MOV 


NEXTPL, tCHARNO 


98DA 83 


613 
614 
615 


WDISP1 : 
REJECT 


RET 
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LOC OBJ SEQ SOURCE STATEMENT 





616 
617 










618 


■ REMTRY SUBROUTINE TO ENTER ACC CONTENTS INTO THE RIGHTMOST DIGIT 




619 




AND SHIFT EVERVTHING ELSE ONE PLACE TO THE LEFT 


88D6 6938 


628 


mm-. 


MOV 


PNTR1, HSEGMAP+1 


88DD BF88 


621 




MOV 


NEXTPL tCHARNO 


88DF 21 


622 


RENTRl 


XCH 


a. mm 


88E8 19 


623 




lie 


FflTRl 


88E1 EFDF 


624 




DJNZ 


NEXTPL RENTRl 


88E3 BF88 


625 




MOV 


NEXTPL. tCHARNO i POINT TO LEFTMOST CHARACTER 


88E5 83 


626 




RET 






627 
628 


















629 
638 


i RDPADD 


TOGGLE 


DECIMAL POINT IN LAST CHARACTER DISPLAY CHARACTER 




631 


. DPADD 


TOGGLES DECIMAL POINT IN THE CHARACTER POINTED TO BV THE ACC 




632 


i 






68E6 2381 


633 


RDPADD : 


MOV 


A,#81H ;SET INDEX TO RIGHTMOST POSITION 


88E8 8337 


634 


DPADD 1 


ADD 


A, #SEGMAP .ACCESS DISPLAY REGISTER FOR DESIRED PLACE 


88EA A9 


635 




MOV 


PNTR1, A 


88EB Fi 


636 




MOV 


A, SPNTR1 


89EC D388 


637 




XRL 


H, K88H 


88EE Al 


638 




MOV 


0PNTR1, A 


88EF 83 


639 
648 


> 


RET 






641 














********************************************* 




642 


> 








643 


;HOLD 


SUBROUTINE CALLED WHEN KEY IS KNOWN TO BE DOWN. 




644 


• 


HILL NOT RETURN UNTIL KEY IS RELEASED. 


88F9 05 


645 


HOLD: 


SEL 


RBI 


88F1 FE 


646 




MOV 


P.LASTKV i <LASTKY>=OFFH IFF NO KEYS DOWN 


88F2 CS 


647 




SEL 


PB8 


88F3 37 


648 




CPL 


A 


88F4 96F8 


649 




JNZ 


HOLD 


88F6 83 


658 
651 




RET 






652 


, ***********************************************^^ 




653 










654 
655 


■ DELAV 

i 


SUBROUTINE HANGS UP FOR THE NUMBER OF COMPLETE DISPLAV SCANS EQUAL 
10 THE CONTENTS OF THE ACCUMULATOR WHEN CALLED. 


88F7 B923 


656 


DELAV ' 


MOV 


PNTR1, ttRDELAY 


88F9 Al 


657 




MOV 


mm, a 


88FA Fl 


658 


DELAV1: 


MOV 


A, PPNTR1 


88FB 96FA 


659 




■JNZ 


DELAY1 


88FD 83 


668 
661 


REJECT 


RET 
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LOC 


OBI 


SEO 




SOURCE STATEMENT 


0180 




662 


m 


108H 








663 
664 








665 
666 


;THE CODE ON THIS PAGE IS FOP DEMONSTRATION PURPOSES ONLY- 






667 


; I TRUELV DOUBT WHETHER AHV END USERS WOULD LIKE TO SEE A NAME 






668 


i POPPING UP ON THEIR CALCULATOR SCREENS 






663 


i HOWEVER. THE CODE SHOWN HERE DOES INDICATE HOW THE UTILITY SUBROUTINES 






670 


i INCLUDED HERE 


COULD BE ACCESSED 






671 


. THE ROUTINES THEMSELVES ARE CALLED WHEN ONE OF THE FOUR BUTTONS 






672 


ON THE RIGHT-HAND SIDE OF THE PR010TVPE KEYBOARD IS PRESSED. 






673 


i ************* 








674 
675 










676 


iRJNCTN ROUTINE TO IMPLEMENT ONE O c c OUP DEMO UTILITIES.. ACCORDING 






677 




TO WHICH OF THE FOUR FACTION KEVS WAS PRESSED 


O10O 


1212 


678 


FUKCTN: 


IBO 


FUNCT1 


8102 


328E 


675 




TBI 


FUNCT2 


0104 


528A 


680 




m 


FUNCT3 


0106 


14E6 


681 
682 


FUNCT4 


CALL 


RDPftDD 


0108 


0477 


683 




JMP 


ECHO 






684 








010A 


342E 


685 


FUNCT3 


CALL 


TEST3 


010C 


8477 


686 




IMP 


ECHO 






687 








810E 


3424 


688 


FUNCT2 


CALL 


TEST2 


0118 


8477 


689 




JMP 


ECHO 






690 








0112 


3416 


691 


FUNCT1 


CALL 


TEST1 


0114 


0477 


692 
693 




JMP 


ECHO 






694 








695 












696 


i TEST1 


CODE SEGMENT TO FILL DISPLAY REGISTERS WITH DIGITS DOWN TO '1' 


0116 


BF88 


697 


TEST1: 


MOV 


NEXTPL, #CHARNO 


811S 


BOOS 


698 




MOV 


PNTRO, #CHARNO ;SET FOR EIGHT LOOP REPETITIONS 


811ft 


FF 


699 


TSTii: 


MOV 


A/ NEXTPL 


811B 


14BA 


788 




CALL 


ENCACC 


811D 


1400 


781 




CALL 


WDISP 


011F 


ES1A 


702 




DJNZ 


PNTRO, TST11 iCOPY NEXT DIGIT INTO DISPLAY REGISTERS 


0121 


BF88 


783 




MOV 


NEXTPL, dCHARNO 


0123 


83 


704 




RET 








785 


i 










706 


REJECT 
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18 



LOT: OBJ 



SEQ 



SOURCE STATEMENT 



8124 B8B5 
8126 14AB 
8128 2264 
012A 14F7 
812C 849E 



012E 2340 
8130 14A0 
0132 14F6 
8134 849E 



797 
788 
709 
710 
711 
712 
713 
714 
715 
716 
717 
718 
719 
728 
721 
722 
723 
724 
725 
726 
727 
728 
729 



i TEST2 WRITES THE SEGMENT PATTERN FOR 'JOHN' ONTO THE DISPLAY, 
WAITS FOR A WHILE, AND THEN CLEARS THE DISPLAY 

TEST2: MOV FNTR8, # JOHN 
CALL PRINT 

MOV A, #108 i SCAN DISPLAY FOR 108 CYCLES 
CALL DELAY 
JMP CLEAR 

;TEST3 SUBROUTINE TO FILL DISPLAY WITH DASHES 

JUMPS INTO SUBROUTINE 'CLEAR' 
; AS SOON AS THE KEY IS RELEASED 

TESTS: MOV A, #018800006 XOR SEGPOL , PATTERN FOR '-' 

CALL FILL 

CALL HOLD 

JMP CLEAR' 



END 



USER SYMBOLS 
HSAVE 8002 
DEBNCE 8004 
FILL 80A0 
INIT 8060 
NCOLS 0004 

PNTR0 0800 

REFR1 0813 
SCANS 0834 
TEST2 0124 



BLANK 0000 


CHARNO 8808 


CHRPOL 0800 


CHRSTB 0857 


CLEAR 889E 


CLR1 88A4 


CURDIG 9997 


DELAY 00F7 


DELAY1 88FA 


DGPATS 08C0 


DPADD 08E8 


ECHO 8077 


ENCACC 89BA 


ENCMSK 999F 


FKEY 0081 


FUNCT1 8112 


FUNCT2 018E 


FUNCT3 018A 


FUNCT4 8106 


FUNC1N 8199 


HOLD 99F8 


INPMSK 88F8 


JOHN 00B5 


KBDBUF 8022 


KBDIN 8883 


KEYLOC 8821 


LASTKY 8996 


LEGNDS 998E 


NEGLOG 88FF 


NEXTPL 8807 


NREPTS 8820 


NROWS 8084 


NXTLOC 0023 


PDIGIT 8919 


PINPUT 9999 


PNTR1 0001 


POSLOG 8880 


PRINT 80AB 


PPNT1 08B4 


PSGMNT 8908 


RDELAY 9923 


RDPADD 99E6 


PEFRSH 0018 


RENTR1 0ODF 


RENTRY 00DB 


ROTCNT 0885 


ROTPAT 8994 


SCAN 991E 


SCHN1 9921 


SCAH5 083F 


SCAN6 8045 


SCANS 004F 


SCAN9 8057 


SEGMAP 9837 


SEGPOL 9998 


TEST1 9116 


TEST3 812E 


TICK FFF0 


TI INT 0807 


TIRET 800E 


TST11 811A 


WDISP 80D0 


WD1SP1 98DA 



ASSEMBLY COMPLETE, NO ERRORS 
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537 612 621 625 697 698 783 
432 434 435 436 



441 



flSflVE 


202* 


249 


269 






BLANK 


1791 


288 


531 






CHARNO 


1731 


228 


405 


441 


533 


CHRPOL 


169* 


429 


429 


431 


432 


CHRSTB 


282 


428* 








CLEAR 


449 


531* 


715 


725 




CLP1 


534* 


536 








CURDIG 


286* 


283 


289 


395 


405 


DEBNCE 


178# 


378 








DHJV 


6561 


714 








PELftVl 


658* 


659 








DGPATS 


574 


583* 








DPADD 


634# 










ECHO 


465# 


471 


683 


686 


689 


ENCACC 


469 


573* 


700 






ENCMSK 


1S3# 


573 








FIU 


532* 


723 








FKEV 


466 


473* 








FUNCT1 


678 


691* 








FUNCT2 


679 


688* 








FUNCT3 


688 


685* 








FUNCT4 


682# 










FUNCTN 


473 


678* 








HOLD 


645# 


649 


724 






INIT 


236 


448* 








INPNSK 


171# 


446 








JOHN 


562# 


711 








KBDBUF 


214t 


386 


442 


490 




KBDIN 


465 


490* 


493 






KEVLOC 


212# 


300 


389 


444 




LASTKV 


205# 


359 


368 


385 


488 


LEGNC'S 


494 


588* 








NCOLS 


175# 


228 








NEGLOG 


167# 










NEXTPL 


193* 


523 


536 


537 


687 


NREPTS 


212* 


261 








NROWS 


174* 










NXTLOC 


329# 


292 








PDIGIT 


158* 


285 








PINPUT 


168# 


201 


447 






PNTR6 


191# 


300 


358 


361 


378 




549 


554 


698 


782 


711 


PNTR1 


192* 


298 


291 


417 


418 




623 


635 


636 


638 


656 


POSLOG 


166* 


169 


170 






PRINT 


549# 


555 


712 






PRNT1 


551 


556* 








PSGHNT 


159# 


281 


292 






RDELflV 


216# 


417 


656 






RDPHPD 


633* 


682 








REFR1 


282* 










REFRSH 


269 










RENTR1 


622* 


624 








RENTRV 


470 


628* 









692 



646 



611 612 621 624 625 697 699 783 



388 383 386 387 389 398 486 442 443 444 445 

421 490 492 532 524 535 686 689 618 628 622 
657 658 
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SCHN 




388* 
















SCRN1 


228* 
















SCfitO 


362 


38B# 














SCANS 


331 


371 


381 


384 


389# 








SOWS 


395* 
















scans 


487 


499# 














SCfWS 


395 


419 


423# 












SEGHAP 


228* 


288 


532 


688 


628 


634 






SEGPOL 


178# 


288 


531 


563 


564 


565 


566 


584 585 586 587 588 589 598 591 




593 


594 


595 


596 


597 


598 


599 


722 


TEST1 


691 


69?# 














TEST2 


688 


mt 












TEST? 


685 


722# 














TICK 


177* 


258 


451 












TIIHT 


248# 
















T I RET 


269* 
















TST11 


699# 


782 














HD1SP 


552 


em 


781 












HDISP1 


611 


613* 















CROSS REFERENCE COMPLETE 
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INTRODUCTION 

The Intel® MCS-48 family of microcomputers marked 
the first time an eight bit computer with program 
storage, data storage, and I/O facilities was available on 
a single LSI chip. The performance of the initial 
processors in the family (the 8748 and the 8048) has 
been shown to meet or exceed the requirements of most 
current applications of microcomputers. A new member 
of the family, however, has been recently introduced 
which promises to allow the use of the single chip 
microcomputer in many application areas which have 
previously required a multichip solution. The In- 
tel® 8049 virtually doubles processing power available 
to the systems designer. Program storage has been in- 
creased from 1K bytes to 2K bytes, data storage has 
been increased from 64 bytes to 128 bytes, and process- 
ing speed has been increased by over 80%. (The 2.5 
microsecond instruction cycle of the first members of 
the family has been reduced to 1.36 microseconds.) 

It is obvious that this increase in performance is going 
to result in far more ambitious programs being written 
for execution in a single chip microcomputer. This ar- 
ticle will show how several program modules can be 
designed using the 8049. These modules were chosen 
to illustrate the capability of the 8049 in frequently en- 
countered design situations. The modules included are 
full duplex serial I/O, binary multiply and divide routines, 
binary to BCD conversions, and BCD to binary conver- 
sion. It should be noted that since the 8049 is totally 
software compatible with the 8748 and 8048 these 
routines will also be useful directly on these proc- 
essors. In addition the algorithms for these programs 
are expressed in a program design language format 
which should allow them to be easily understood and 
extended to suit individual applications with minimal 
problems. 



however, is more economic than technical; these same 
peripheral chips which are such a bargain when coupled 
to a microprocessor such as the MCS-85 or 86, have a 
significant cost impact on a single chip microcomputer 
based system. The high speed of the 8049, however, 
makes it feasible to implement a serial link under soft- 
ware control with no hardware requirements beyond two 
of the I/O pins already resident on the microcomputer. 

There are many techniques for implementing serial I/O 
under software control. The application note "Applica- 
tion Techniques for the MCS-48 Family" describes 
several alternatives suitable for half duplex operation. 
Full duplex operation is more difficult, however, since it 
requires the receive and transmit processes to operate 
concurrently. This difficulty is made more severe if it is 
necessary for some other process to also operate while 
serial communication is occurring. Scanning a keyboard 
and display, for example, is a common operation of 
single chip microcomputer based system which might 
have to occur concurrently with the serial receive/trans- 
mit process. The next section will describe an algorithm 
which implements full duplex serial communication to 
occur concurrently with other tasks. The design goal 
was to allow 2400 baud, full duplex, serial communica- 
tion while utilizing no more than 50% of the available 
processing power of the high speed 8049 microcom- 
puter. 

The format used for most asynchronous communication 
is shown in Figure 1. It consists of eight data bits with a 
leading 'START' bit and one or more trailing 'STOP' bits. 
The START bit is used to establish synchronization be- 
tween the receiver and transmitter. The STOP bits en- 
sure that the receiver will be ready to synchronize itself 
when the next start bit occurs. Two stop bits are nor- 
mally used for 110 baud communication and one stop 
bit for higher rates. 



FULL DUPLEX SERIAL 
COMMUNICATIONS 

Serial communications have always been an important 
facet in the application of microprocessors. Although 
this has been partially due to the necessity of con- 
necting a terminal to the microprocessor based system 
for program generation and debug, the main impetus 
has been the simple fact that a large share of micro- 
processors find their way into end products (such as in- 
telligent terminals) which themselves depend on serial 
communication. When it is necessary to add a serial link 
to a microprocessor such as the Intel® MCS-85 or 86 the 
solution is easy; the Intel® 8251A USART or 8273 SDLC 
chip can easily be added to provide the necessary pro- 
tocol. When it is necessary to do the same thing to a 
single chip microcomputer, however, the situation 
becomes more difficult. 

Some microcomputers, such as the Intel 8048 and 8049 
have a complete bus interface built into them which 
allows the simple connection of a USART to the proc- 
essor chip. Most other single chip microcomputers, 
although lacking such a bus, can be connected to a 
USART with various artificial hardware and software 
constructs. The difficulty with using these chips, 



START STOP 
BIT 01 D2 D3 D4 05 D6 D7 D8 BIT 




Figure 1. 



The algorithm used for reception of the serial data is 
shown in Figure 2. It uses the on board timer of the 8049 
to establish a sampling period of four times the desired 
baud rates. For 2400 baud operation a crystal frequency 
of 9.216 MHz was chosen after the following calculation: 

f = 480N(2400)(4) 
where 480 is the factor by which the crystal fre- 
quency is divided within the processor 
to get the basic interrupt rate 
2400 is the desired baud rate 

4 is the required number of samples per 
bit time 

N is the value loaded into the MCS-48 
timer when it overflows 



00670A 



The value N was chosen to be two (resulting in f = 9.216 
MHz) so that the operating frequency of the 8049 could 
be as high as possible without exceeding the maximum 
frequency specification of the 8049 (11 MHz). 



START OF RECEIVE ROUTINE 



1 IF RECEIVE FLAG=8 THEN 

2 IF SERIAL INPUT=SPflCE THEN 

3 RECEIVE FLAG:=i 
3 BYTE FINISHED FLAG:=8 
2 ENDIF 

1 ELSE SINCE RECEIVE FLAG=i THEN 

2 IF SVNC RJfi=8 THEN 

3 IF SERIAL INFVr=SPflCE THEN 

4 SVNC FLAG:=1 
4 DflTA:=88H 
4 SAMPLE CNTR:=4 

3 ELSE SINCE SERIAL INPUT=HARK THEN 

4 RECEIVE RAG =8 
3 ENDIF 

2 ELSE SINCE SVNC FLAG=i THEN 

3 SAMPLE COUNTER .=SflMPLE CO! 

3 IF SAMPLE COUNTERS THEN 

4 SAMPLE COUNTER S 

4 IF BYTE FINISHED FLHG=8 THEN 

5 CARRV:=SERIAL IHPUT 

5 SHIFT DATA RIGHT WITH CARRY 

5 IF CARRV=1 THEN 

6 OKDATA:=DHTA 

6 IF DATA READV FLAG=8 THEN 

7 BYTE FINISHED RAG=1 
6 ELSE 

;7 BYTE FINISHED FLAG:=1 

(7 OVERRUN FLHG:=1 

6 ENDIF 

5 ENDIF 

4 ELSE SINCE BYTE FINISHED FLAG=1 THEN 

5 IF SERIAL INPUT=MARK THEN 

6 DATA READY FLflG:=i 

5 aSt SINCE SERIAI 

6 ERROR RAG:=1 
5 ENDIF 
5 RECEIVE FLAG: =8 
5 SVNC FLAG:=8 
4 ENDIF 
3 ENDIF 
2 ENDIF 



1 ENDIF 



Figure 2 



The timer interrupt service routine always loads the 
timer with a constant value. In effect the timer is used to 
generate an independent time base of four times the re- 
quired baud rate. This time base is free running and is 
never modified by either the receive or transmit pro- 
grams, thus allowing both of them to use the same 
timer. Routines which do other time dependent tasks 
(such as scanning keyboards) can also be called periodi- 
cally at some fixed multiple of this basic time unit. 

The algorithm shown in Figure 2 uses this basic clock 
plus a handful of flags to process the serial input data. 



Once the meaning of these flags are understood the 
operation of the algorithm should be clear. The Receive 
Flag is set whenever the program is in the process of 
receiving a character. The Synch Flag is set when the 
center of the start bit has been checked and found to be 
a SPACE (if a MARK is detected at this point the receiver 
process has been triggered by a noise pulse so the pro- 
gram clears the Receive Flag and returns to the idle 
state). When the program detects synchronization it 
loads the variable DATA with 80H and starts sampling 
the serial line every four counts. As the data is received 
it is right shifted into variable DATA: after eight bits 
have been received the initial one set into DATA will 
result in a carry out and the program knows that it has 
received all eight bits. At this point it will transfer all 
eight bits to the variable OKDATA and set the Byte 
Finished Flag so that on the next sample it will test for a 
valid stop bit instead of shifting in data. If this test is 
successful the Data Ready Flag will be set to indicate 
that the data is available to the main process. If the test 
is unsuccessful the Error Flag will be set. 

The transmit algorithm is shown in Figure 3. It is exe- 
cuted immediately following the receive process. It is a 
simple program which divides the free running clock 
down and transmits a bit every fourth clock. The variable 
TICK COUNTER is used to do the division. The Transmit- 
ting Flag indicates when a character transmission is in 
progress and is also used to determine when the START 
bit should be sent. The TICK COUNTER is used to deter- 
mine when to send the next bit (TICK COUNTER MOD- 
ULO 4 = 0) and also when the STOP bits should be sent 
(TICK COUNTER = 9 4). After the transmit routine com- 
pletes any other timer based routines, such as a key- 
board/display scanner or a real time clock, can be 
executed. 



; START OF TRANSMIT ROUTINE 



;i TICK C0UNTER:=TICK C0UNTER+1 

il IF TICK COUNTER NOD 4=8 THEN 

it IF TRANSMITTING FLAG=i THEN 

ii IF TICK C0UNTER=88 1818 88 BINARY THEN 

;4 TRANSMITTING FLHG:=* 

;3 ELSE IF TICK C0UNTER=88 1881 88 BINARY THEN 

,4 SEND END NARK 

;4 TRANSMITTING FLAG:=8 

;3 ELSE SINCE TICK C0UNTEROTHE ABOVE COUNT THEN 

;4 SEND NEXT BIT 

;3 ENDIF 

,2 ELSE SINCE TRANSMITTING FLHG=8 THEN 

;3 IF TRANSMIT REQUEST RHIM THEN 

;4 XMTBVT:=NXTBYT 

;4 TRANSMIT REQUEST FLAG:=8 

;4 TRANSMITTING FLAG:=1 

;4 TICK COUNTER: =8 

;4 SEND SYNC BIT (SPACE) 

;3 ENDIF 

;2 ENDIF 

il ENDIF 



Figure 3 
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Figure 4 shows the complete receive and transmit pro- the 8049. Also included in Fig. 4 is a short routine which 
grams as they are implemented in the instruction set of was used to test the algorithm. 



rsis-n mcs-48.'upmi macro assembler, vz e 



LOC OBJ 5E6 SOURCE STATEMENT 

1 

2 ;* * 
i :■* THIS PROGRAM TESTS THE FULL DUPLEX COMMUNICATION SOFTWARE * 
4 ;* * 

6 i 

7 *INCLUDE(:F1:URTEST.PDL> 

= 8 ; 

= 9 ; START OF lEST ROUTINE 

= 10 i ==================== 

= 11 , 

= 12 i 

■ 13 i 

= 14 i 

= 15 i 

= 16 il ERROR COUNT =8 

= 17 si REPEAT 

= 18 ; 2 PATTERN: =8 

= 11 iZ INITIALIZE TIMER 

= 28 iZ CLEAR FLAGBVTE 

= 21 ,2 FLAG1=MARK 

= 22 ;2 REPEAT 

s 23; 3 IF TRANSMIT REQUEST FLAG=8 THEN 

= 24 ^4 NXTBVTE:=PATTERN 

= 25 ;4 TRANSMIT REQUEST FLAG=1 

= 26; 3 END IF 

= 27 ; 3 IF DATA READV FLf)G=l THEN 

= 28 ; 4 PATTERN :=OXDRTA 

= 29 ; 4 DATA READV FLAG =8 

= 38 ; 3 ENDIF 

= 31 ; 2 UNTIL ERROR FLAG OR OVERRUN FLAG 

= 32 ; 2 INCREMENT ERROR COUNT 

= ft VI UNTIL FOREVER 

== 34 ;EOF 
35 tEJECT 

8888 36 ORG 8 

37 ; 1 SELECT REGISTER BANK 8 

8888 C5 38 SEL RB8 

39 ; 1 GOTO TEST 

8001 2480 40 JMP TEST 

41$ INCLUDED Fi UART) 

= 42 , 

= 43 i 

= 44 ; ASVNCHRONOUS RECEIVE/TRflNSMIT ROUTINE 

= 45 i ======================================= 

= 46 i THIS ROUTINE RECEIVES SERIAL CODE USING KIN T8 AS RXD 

= 47 i AND C0NCURREN1LV TRANSMITS USING PIN P27 

= 4S ; NOTE: 

= 49 ) THIS ROUTINE USES FLAG 1 TO BUFFER THE TRANSMITTED 

Figure 4 
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8867 



0005 



mi 

8022 
8023 



CiQQA 



8820 



8840 



REGISTER ASSIGNMENTS-BANKl 



ATEMP EQU 
FLGBVT EQU 



„. tine inu cxjmnriicj iHt JllltK i HH r 

= 51 ii MOULD BE CAUSED BV VRRIHTIOMS IN THE RECEIVE 

= 52 .1 TIMING. NO OTHER PROGRAM MAY USE FLAG 1 WHILE 

* 53 • 1 THE TIMER INTERRUPT IS ENABLED 
= 54 ; 

= 55 i 

= 56 i 

* 57 ■ 
= 58 i 
= 59 
= 66 
= 61 
= 62 
= 63 
= 64 
= 65 
= 66 
= 67 
= 68 
= 6.9 
= 70 
= 71 
a 72 

* 73 
= 74 
= 75 
= 76 
= 77 
« 78 
= 79 
- 88 
= 81 
= 82 



SAMCTP EQU 
TCKCTP EQU 
REG6 



R7 
R6 



P5 
R4 



EQU 



Pfltl ASSIGNMENTS 



MOKDAT EQU 

MDATA EQU 

MXMTBV EQU 

MNXT8Y EQU 
REJECT 



20H 
21H 
22H 
23H 



USED TO miS. ACCUMULAIOR CONTENTS DURING INTERRUPT 
CONTAINS VARIOUS FLAGS USED 10 CONTROL IKE RECEIVE 
AND TRANSMIT PROCESS. SEE CONSTANT DEFINITIONS FOR 
THE MEANING OF EACH BIT 
SAMPLE COUNTER FOR THE RECIEVE PROCESS 
SAMPLE COUNTER FOP THE TRANSMIT PROCESS 
USED AS POINTER REGISTER 



RECEIVE RETURNS VALID DATA IN THIS BYTE 
RECEIVE ACCUMULATES DATA IN THIS BYTE 
CONTAINS BYTE BEING TRANSMITTED 
CONTAINS THE NEXT BYTE TO BE TRANSMITTED 



34 
85 
86 

87 RCVFLG 

88 

89 SYNFLG 
98 

91 BVFNFL 

92 

93 DRDYFL 
94 

95 ERRFLG 
96 

97 TRRQFL 
98 
99 
190 

181 TRN3FL 
182 

103 OVRUN 
184 



CONSTANTS 

THE FOLLOWING CONSTANTS ARE USED TO ACCESS THE FLAG BITS CONTAINED 
IN REGISTER FLGBYT 



EQU 81H 



EQU 



EQU 



EQU 



82H 



EQU 18H 



EQU 28H 



EQU 



EQU 



40H 



80H 



SET WHEN START BIT IS FIRST DETECTED 

RESET WHEN RECEIVE PROCESS IS COMPLETE 

SET WHEN START BIT IS VERIFIED 

RESET WHEN RECEIVE PROCESS IS COMPLETE 

RESET WHEN START BIT IS FIRST DETECTED 

SET WHEN THE EIGHT DATA BITS HAVE ALL BEEN RECEIVED 

SHOULD BE RESET BY MAIN PROGRAM WHEN DATA IS ACCEPTED 

SET BY RECEIVE PROCESS WHEN STOP B1T(S) ARE VERIFIED 

SHOULD BE RESET BV MAIN PROGRAM WHEN SAMPLED 

SET BV RECEIVE PRCCESS IF A FRAMING ERROR IS DETECTED 

TESTED BV MAIN PROGRAM TO DETERMINE IF READY 10 

TRANSMIT A NEW BYTE-SET TO INDICATE 1HAT NXTBVT 

HAS BEEN LOADED 

RESET BY TRANSMIT PROCESS WHEN BYTE IS ACCEPTED 
SET WHEN TRANSMISSION OF A BYTE STARTS 
RESET WHEN STOP BIT IS TRANSMUTED 
SET BV RECEIVE PROCESS WHEN OVERUN OCCURRS 
SHOULD BE RESET BY MAIN FROGRAM WHEN SAMPLED 



Figure 4 (continued) 
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LOC OBJ 



SEQ SOURCE STATEMENT 



FF7F 



mi 



8807 168A 
0809 93 
888A D5 

888B AF 

080C 23FE 
000E 62 



800F 7615 
0811 9A7F 
8813 8417 
0015 3fl88 



8017 FE 
8818 1224 

801H 3664 

801C FE 
881D 4381 

081F 53FB 

0821 HE 
8022 8464 



8824 2238 



185 
186 
187 
188 
189 
110 
111 
112 
113 
114 
115 
■■ 116 
' 117 

: 118 

• 119 

■ 120 

■ 121 
= 122 
' 123 
■■ 124 
= 125 
= 126 
■■ 127 
= 128 
■■ 129 
= 138 
= 131 
= 135 
= 133 
= 134 
» 135 
= 136 
= 137 
= 138 
= 139 
= 148 
= 141 
= 142 
= 143 
= 144 
= 145 
= 146 
= 147 
= 148 
= 149 
= 150 
= 151 
= 152 
= 153 
= 154 
= 155 
= 156 
= 157 
= 158 
= 159 



GENERAL CONSTANTS 



MARK EQU 
SPACE EQU 
STPBTS EQU 



NOT 88H 
8 



USED TO GENERATED A MARK 

USED TO GENERATE A SPACE 

CONTROLS THE NUMBER OF STOP BITS 
8 GENERATES ONE STOP BI1 
1 GENERATES TWO S10P BITS 



REJECT 



START OF RECEIVE/TRANSMIT INTERRUPT SERVICE ROUTINE 



ORG 



00O7H 



; 1 ENTER INTERRUPT MODE 
TISP: JTF UflRT 
RETP 

UART : SEL RBI 

; 1 SAVE ACCUMULATOR CONTENTS 

MOV ATEMP, H 
;1 RELOAD TIMER 

MOV A, KTIMCN1 

MOV T,A 

'} 

; OUTPUT TXD BUFFER <F1> TO TXD I/O LINE CP27) 



OSPACE 



OHRRK 



JFi 
ANL 
•JMP 
ORL 



OMARK 
pa #SPACE 
RCV808 
P2, #MARK 



START OF RECEIVE ROUTINE 



1 IF RECEIVE FLAG=0 THEN 
RCV880: MOV A, FLGBVT 

JB8 RCV818 
;2 IF SERIAL INPUT=SPACE THEN 

JT8 XMIT 
;3 RECEIVE FLAG: =1 

MOV A. FLGBVT 

ORL A, #RCVFLG 
;2 BVTE FINISHED FLAG: =8 

ANL A, #HOT BVFNFL 
•2 ENDIF 

MOV FLGBVT.. A 

JMP XMIT 
;1ELSE SINCE RECEIVE FLAG=1 THEN 
i 2 IF SVNC FLAG=8 THEN 
RC:V810: JB1 RCV830 
iS IF SERIAL INPIJT=SPACE 1 HEN 



Figure 4 (continued) 
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LOC OBJ SES SOURCE STATEMENT 



8826 3633 


= 160 


JT0 


RCV828 




= 161 i 4 




SVNC FLAG ■ =1 


8628 4382 


* 162 


ORL 


A,#SVNFLG 


802A HE 


= 163 


MOV 


FLGBVT. A 




= 164 . 4 




DATA:=88H 


am BS2i 


= 165 


MOV 


R8, IMOATA 


0H2D B888 


= 166 


MOV 


m, #88H 




= 167 ; 4 




SAMPLE CNTR:=4 


002F BD04 


= 168 


MOV 


SAMCTR, #4 


8031 8464 


= 169 


JMP 


XMIT 




= 170 i 3 


ELSE SINCE SERIAL INPUT=MARK THEf 




= 171 i 4 




RECEIVE FLAG:=0 


8833 53FE 


= 172 RCV028 


: HNL 


A,#NOT RCVFLG 




= 173 ,3 


ENt 


'IF 


8835 HE 


= 174 


MOV 


FLGBVT, A 


0836 0464 


« 175 


JMP 


XMIT 




= 176 i 2 


ELSE 


SINCE SVNC FLAG=1 THEN 




= 177 .3 


SAMPLE COUNTER =SAMPLE COUNTER- 1 


0038 ED64 


= 178 RCV83S 


: MNZ SAMCTR, XMIT 




= 179 ;3 


IF SAMPLE COUNTERS THEN 




= 130 ;4 




SAMPLE COUNTER: =4 


083A BD84 


= 181 


MOV 


SAMCTR, #4 




= 182 ;4 




IF BVTE FINISHED FLAG=8 THEN 


083C 5259 


= 183 


JB2 


RCV050 


883E 97 


= 184 


CLR 


C 




= 185 i 5 




CHRRV -SERIAL INPUT 


883F 2642 


= 186 


JNTO RCV048 


8841 A7 


= 187 


CPL 


C 


8842 B321 


= 188 RCV048 


: MOV 


R8.. #MDATA 


0844 F8 


= 189 


MOV 


R,m 




= 190 • 5 




SHIFT DATA RIGHT WITH CARRV 


8045 67 


= 191 


RRC 


A 


otifD ny 


= 192 


MOV 


0P8, A 




= 193 *3 




IF CARRV=1 THEN 


0847 E664 


= 194 


JNC 


XMIT 




= 195 ;6 




OKDATA:=DATA 


8849 B828 


= 196 


MOV 




884B A8 


= 197 


MOV 


PR0.' ft 




= 193 ;6 




IF DATA READV FLAG=8 THEN 


084C FE 


- 199 


MOV 


A, FLGBVT 


0040 7254 


= 200 


JB3 


RCV845 




= 281 .7 




BVTE FINISHED FLAG=1 


084F 4304 


* 282 


ORL 


A, #BVFNFL 


8051 HE 


= 203 


MOV 


FLGBVT, A 


8852 0464 


= 204 


JMP 


XMIT 




= 205 ;6 




ELSE 




= 286 ;7 




BVTE FINISHED FLAG:=1 




= 287 >? 




OVERRUN FLAG.=1 




= 288 RCV845 








= 289 


;MOV 


A, FLGBVT 


0854 4384 


= 210 


ORL 


A,#CBVFNFL OR OVRUN) 


9056 ft£ 


= 211 


MOV 


FLGBVT, A 




= 212 ;6 




END IF 




= 213 ;5 




ENDIF 


0057 04b4 


= 214 


JMP 


XMIT 



Figure 4 (continued) 
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loc oej 



SEQ 



SOURCE STATEMENT 



8059 265F 
mB 4308 



885F 4318 



0861 53FC 
8863 HE 



0864 1C 

0865 2383 

8867 5C 

8868 9697 

886A FE 
886B 37 
886C D236 



886E 2324 
8070 DC 
0871 967B 

8873 A5 

8874 B5 



= 215 ; 4 
= 216 ;5 
= 217 RCV858 
= 218 i 6 
= 219 
= 228 
= 221 i 5 
= 222 i 6 
= 223 RCV868 
= 224 i 5 
= 225 .5 
= 226 i 5 
= 227 PCV878 
= 228 
= 229 ;4 
= 238 ; 3 

= 231 ;2 END IF 
= 232 , ; 1 ENDIF 
= 233 tEJECT 
= 234 

= 235 i START OF TRANSMIT ROUTINE 

= 236 
= 237 
= 238 

= 239 TRANSMITTER OUTPUT BIT IS P2-7 

= 248 ii TICK COUNTER. =TICK COUNTER+1 

= 241 XMIT: INC TCKCTR 

= 242 il IF TICK COUNTER MOD 4=8 THEN 



ELSE SINCE BVTE FINISHED FLAG=1 THEN 
IF SERIAL INPUT=MflRK THEN 
RCV868 

DATA READV FLAG : =1 
a tDRDVFL 
RCV878 

ELSE SINCE SERIAL INPUT=SPRCE THEN 

ERROR FLAG . =1 
MERRFLG 
ENDIF 

RECEIVE f-LAG:=0 
SVNC FLAG:=0 
A. #HOT(SVNFLG OR RCVFLG) 
FLGBVT. A 
ENDIF 
ENDIF 



JNTO 

ORL 
JMP 



ORL 



ANL 

MOV 



.2 



= 243 
= 244 
= 245 
= 246 
= 247 
= 248 
= 249 
= 258 
= 251 i 3 
= 252 
= 253 
= 254 
= 255 ; 4 
= 256 
= 257 
= 258 
= 259 
= 268 
= 261 i 3 
= 262 XMT010 
= 263 
= 264 
= 265 i 4 
= 266 . 
= 267 
= 268 
= 269 ;4 



MOV A, #83H 
ANL A, TCKCTR 
JNZ RETURN 
IF TRANSMITTING FLAG=1 THEN 
MOV A, FLGBVT 
CPL A 
JB6 XMT848 
IF STPBTS EQ 1 

IF TICK C0UNTER=88 1818 88 BINARV THEN 



MOV A,#28H 
XRL % TCKCTR 
JNZ XMTB18 

TRANSMITTING FLAG: =8 
A, FLGBVT 
A, #NOT TRNGFL 
FLGBVT, A 
RETURN 



CONDITIONAL HSSEMBLV 



MOV 
ANL 
MOV 
IMP 
ENDIF 
ELSE 
MOV 
XRL 
JNZ 



IF TICK COUNTERS 1061 00 BINARV THEN 
A, #24H 
A, TCKCTR 
XMT828 
SEND END MARK 
CLR Fl ; SET FLAG1 TO MARK 
CPL Fl 
IF STPBTS EO 8 

TRANSMITTING FLAG:=0 



Figure 4 (continued) 
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LOC OBJ 



SEQ SOURCE STATEMENT 



6875 FE 


= 270 


MOV 


A, FLGBVT ; CONDITIONAL ASSEMBLY 


8676 53BF 


= 271 


ANL 


A, #NOT TRNGFL i 


8078 HE 


= 272 


MOV 


FLGBVT. A i 


0079 0497 


= 273 


IMP 


RETURN ; 




= 274 


ENDIF 




= 275 ;3 


ELSE SINCE TICK COUNTEROTHE ABOVE COUNT THEN 




= 276 ;4 




SEND NEXT BIT 


007B 6822 


= 277 XMT820: 


MOV 


R0.. #MXMTBV 


807D F0 


= 278 


MOV 


fl,»R9 


087E 67 


= 279 


RRC 


A 


«07F A0 


= 280 


MOV 


0R0.A 


0080 fl5 


= 281 


CLR 


Fl i FLAG 1 WILL BE USED TO BUFFER TXD 


0081 E697 


= 282 


JNC 


RETURN ; GO TO RETURN POINT IF TXD=SPfiCE <8) 


9983 65 


= 283 


CPL 


Fl ; ELSE COMPLEMENT FLAG 1 TO A MARK 


0084 8497 


= 284 


JMP 


RETURN 




= 285 ;3 


ENDIF 




= 286 ;2 ELSE 


SINCE TRANSMITTING FLAG=0 THEN 




= 287 ;3 


IF 


TRANSMIT REQUEST FLAG=1 THEN 


0086 B297 


= 288 XMT040: 


JB5 


RETURN • FLAG BVTE THERE 




= 2S9 ;4 




XMTBVT:=NXTBVT 


0088 B823 


= 290 


MOV 


P8, KMNXTBV 


008R F6 


= 291 


mov 


%m 


008B B822 


= 292 


MOV 


R0.. #MXMTBV 


008D A0 


= 293 


MOV 


8R0,A 




= 294 , 4 




TRANSMIT REQUEST FLAG:=0 


008E FE 


= 295 


MOV 


Aj FLGBVT 


008F 53DF 


= 296 


ANL 


A, #NOT TRRQFL 




= 297 ; 4 




TRANSMITTING FLAG;=1 


0091 4340 


= 298 


ORL 


ft#TRNGFL 


0093 AE 


= 299 


MOV 


FLGBVT, A 




= 300 ;4 




TICK COUNTER: =8 




= 301 


MOV 


TCKCTR, #0 




= 302 ;4 




SEND SVNC BIT (SPACE) 




= 303 


CLR 


Fl i SET FLAG 1 TO CAUSE A SPACE 




= 384 ;3 


ENDIF 




= 305 ; 2 END IF 






= 306 ;1 ENDIF 






= 387 RETURN: 








= 303 i 1 RESTORE ACCUMULATOR 


8097 FF 


= 309 


MOV 


ft ATENP 


0098 93 


= 310 


RETR 




211 $EJECT 








312 i 








313 ; 


START OF TEST ROUTINE 




314 i 








315 i 






dim 


316 


ORG 


8109H 


FFFE 


317 TIMCNT 


EQU 


-2 


801E 


313 MFLQBV 


EQU 


1EH 


0010 


219 MSAMCT 


EQU 


1DH 


801C 


320 MTCKCT 


EQU 


1CH 




321 i 






0007 


322 ERRCNT 


EQU 


R7 




323 PATT 


EQU 


R6 




324 ; 







Figure 4 (continued) 
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LOC OBJ 


SE6 


SOURCE STATEMENT 




325 i 








326 i 








327 il ERROR COUNT: 


=8 




328 TEST: 


NOV 


ERRCNT, #8 




329 i 1 REPERT 






330 TLOP: 








331 ;2 


PATTERN:^ 


J 


OXuc DCw 


332 


MOV 


PATT, #80 




333 ;2 


INITIALIZE TIMER 


Oitrt iiXl 


334 


MOV 


A,#TIMCNT 


'JlTO Oil 


335 


MOV 


LA 


cm a? ^ 


336 


STRT 


T 




337 


EN 


TCNTI 






CLEAR FLAGBVTE 


£14 QQ DQ4 L7 
0107 DO It 




MOV 


R8, #MFLGBV 




340 


MOV 


0R8, #0 




341 i 2 


FLAG1=MARK 


cm ar> 




CLR 


Fl 


U-1MP PS 
Olt't DJ 


343 


CPL 


Fl 




344 ; 2 


REPEAT 






345 TILOP 








346 ;3 


IF TRANSMIT REQUEST FLAG=8 THEN 


oxor bolt 


347 


MOV 


ro, mum 


Will ro 


348 


MOV 


A,»R0 


0.112 R974 


349 


JB5 


TREC 




358 j 4 


NXTBVTE : =PATTERN 


CtAAA RQ07 




MOV 


Rl, 4MNXTBV 


0116 FE 




MOV 


A, PATT 


£M17 fi1 
oxx i nx 


Ml 


MOV 


»R1,A 






TRANSMIT REQUEST FLAG=1 


(Ml ft 

OXXO 


355 


DIS 


TCNTI ; LOCK OUT TIMER INTERRUPT 




356 




i SO THAT MUTUAL EXCLUSION IS MAINTAINED WHILE 




357 




i "IHE FLAG BVTE IS BEING MODIFIED 


QAAQ CQ 
Oil? FO 


358 


MOV 


A,»R0 


QH □ ^TOQ 

oiin 


359 


ORL 


A. (tTRRQFL 


911 C fl© 


368 


MO" 


C«R0,A 


cm i r\ ^ 
oilL> dD 


361 


EN 


TCNTI 


OXXu XOCC 


362 


JTF 


TESTA 


6120 2424 


363 


JMP 


TREC 


o!22 140H 


364 TESTA 


CALL 


UART ; CALL UART BECAUSE TIMER OVERFLOWED DURING LOCKOUT 




365 ;3 


END IF 






366 ;3 


IF DATA READV FLAG=1 THEN 




jOf IKtl-. 






oi&t ro 


ioo 


MOV 


A..0R0 




369 


CPL 


A 


OltQ f t.So 


378 


JB3 


TRECE 




371 ;4 


PATTERN :=0KDATA 


£11 2ft PQ2A 


372 


MOV 


Rl, #M0KDAT 




373 


MOV 


A, »R1 


012R ftP 


374 


MOV 


PATT, A 




375 , 4 


DATA READV FLAG: =8 


812C 35 


376 


DIS 


TCNTI i LOCK OUT TIMER INTERRUPT 




377 




i SO THAT MUTUAL EXCLUSION IS MAINTIANED WHILE 




378 




i THE FLAG BVTE IS BEING MODIFIED 


012D Fe 


379 


MOV 





Figure 4 (continued) 
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viiv tw 


J81 


NOV ?F'0, fl 




0131 25 


382 


1— fc 1 r,-,iTT 

EN TCNTI 




8132 1636 


383 


JTF TESTB 




8134 2438 


384 


•IMP TRECE 




8136 148A 


385 TESTE: 


i i ir\r.-r r-m i iuviT Tr* TTUrn nl irrin rtl ICTi TiUDTUr- 1 ftPI/rtl IT 

CALL UftRT ; CALL UflRT IF TIMER OVERFLOWED DURING LOCKOUT 






386 TRECE 








387 > 3 


ENDIF 






388 ;2 


UNTIL ERROR FLAG OR OVERRUN FLAG 




813S F8 


389 


NOV A.. (?R8 




8139 5390 


390 


ANL A, #<0VRUN OR ERRFLG.) 




013B C68F 


391 


JZ 11L0P 






392 ;2 


increment error count 




813D IF 


393 


INC ERRCNT 






394 ,1 UNTIL FOREVER 




813E 2482 


395 


JNP TLOP 






3% ;E0F 








397 


END 





USER SVMBOLS 

ATEWP 0887 8VFNFL 0084 DRDVFL 8888 ERRCNT 0887 ERRFLG 8818 FLi38VT 8886 MARK 8888 MDATA 8821 

MFLGBV 001E MNXTBV 8823 NOKDAT 8828 MSANCT 881D MTCKCT 881C MXMTBY 8822 0I1ARK 8815 OSFACE 8011 

OVRUN 8888 PATT 8086 RCV009 8817 RCV818 8824 RCV828 8633 RCV838 8838 RCV848 8042 RCV045 0854 

RCV858 0059 RCV868 885F RCV878 8861 RCVFLG 8081 REG8 8888 RETURN 8897 SAMCTR 8885 SPACE FF7F 

STPBTS 8808 SVNFLG 8882 TCKCTR 8884 TEST 8188 TESTA 8122 1ESTB 8136 IILOP 818F lIMCNT FFFE 

TISR 8887 TLOP 8182 TREC 8124 TRECE 8138 TRNGFL 8848 TRRQFL 8828 UflRT 888A XM1 8864 

XMT818 886E XHT820 887B XMT848 8886 



ASSENBLV COMPLETE, NO ERRORS 



Figure 4 (continued) 
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MULTIPLY ALGORITHMS 

Most microcomputer programmers have at one time or 
another implemented a multiply routine as part of a 
larger program. The usual procedure is to find an algo- 
rithm that works and modify it to work on the machine 
being used. There is nothing wrong with this approach. 
If engineers felt that they had to reinvent the wheel 
every time a new design is undertaken, that's probably 
what most of us would be doing— designing wheels. If 
the efficiency of the multiply algorithm, either in terms 



X 



of code size or execution time is important, however, it 
is necessary to be reasonably familiar with the multipli- 
cation process so that appropriate optimizations for the 
machine being used can be made. 

To understand how multiplication operates in the binary 
number system, consider the multiplication of two four 
bit operands A and B. The "ones and zeros" in A and B 
represent the coefficients of two polynomials. The 
operation AxB can be represented as the following 
multiplication of polynomials: 

A3*2 3 + A2*2 2 + A1*2 1 + A0*2° 
B3"2 3 + B2*2 2 + B1*2 1 + B0*2° 



+ B0A3*2 3 + B0A2*2 2 + B0A1*2 1 + B0A0"2° 
+ B1A3*2 4 + B1A2*2 3 + B1AV2 2 + B1A0*2 1 
+ B2A3*2 5 + B2A2*2 4 + B2A1*2 3 + B2ACT2 2 
+ B3A3*2 6 + B3A2*2 5 + B3A1*2 4 + B3A0*2 3 
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The sum of all these terms represents the product ot A 
and B. The simplest multiply algorithm factors the 
above terms as follows: 

A*B= B0*(A)*2°+ B1*(A)*2 1 + B2*(A)*2 2 + B3*(A)'2 3 

Since the coefficients of B (i.e., BO, B1, B2, and B3) can 
only take on the binary values of 1 or 0, the sum of the 
products can be formed by a series of simple adds and 
multiplications by two. The simplest implementation of 
this would be: 

MULTIPLY: 
PRODUCT =0 

IFB0 = 1 THEN PRODUCT: = PRODUCT + A 
IFB1 = 1 THEN PRODUCT: = PRODUCT + 2*A 
IF B2 = 1 THEN PRODUCT: = PRODUCT + 4*A 
IFB3=1 THEN PRODUCT: = PRODUCT + 8* A 
END MULTIPLY 

In order to conserve memory, the above straight line 
code is normally converted to the following loop: 

MULTIPLY: 
PRODUCT: = 
COUNT: = 4 
REPEAT 

IF B[0]=1 THEN PRODUCT:=PRODUCT + A ENDIF 
A: = 2*A 
B: = B/2 

COUNT: = COUNT- 1 
UNTIL COUNT: = 
END MULTIPLY 

The repeated multiplication of A by two (which can be 
performed by a simple left shift) forms the terms 2*A, 
4*A, and 8*A. The variable B is divided by two (per- 
formed by a simple right shift) so that the least signifi- 
cant bit can always be used to determine whether the 
addition should be executed during each pass through 
the loop. It is from these shifting and addition opera- 



tions that the "shift and add" algorithm takes its com- 
mon name. 

The "shift and add" algorithm shown above has two 
areas where efficiency will be lost if implemented in the 
manner shown. The first problem is that the addition to 
the partial product is double precision relative to the 
two operands. The other problem, which is also related 
to double precision operations, is that the A operand is 
double precision and that it must be left shifted and 
then the B operand must be right shifted. An examina- 
tion of the "longhand" polynomial multiplication will 
reveal that, although the partial product is indeed dou- 
ble precision, each addition performed is only single 
precision. It would be desirable to be able to shift the 
partial product as it is formed so that only single preci- 
sion additions are performed. This would be especially 
true if the partial product could be shifted into the "B" 
operand since one bit of the partial product is formed 
during each pass through the loop and (happily) one bit 
of the "B" operand is vacated. To do this, however, it is 
necessary to modify the algorithm so that both of the 
shifts that occur are of the same type. 

To see how this can be done one can take the basic 
multiplication equation already presented: 

A*B= B0*(A*2°)+ B1*(A*2 1 )+ B2*(A*2 2 ) + B3*(A*2 3 ) 

and factoring 2 4 from the right side: 

A*B = 2 4 [B0*(A*2- 4 )+B1*(A*2- 3 ) 
+ B2*(A*2- 2 )+B3'(A'2- 1 )] 

This operation has resulted in a term (within the 
brackets) which can be formed by right shifts and adds 
and then multiplied by 2 4 to get the final result. The 
resulting algorithm, expanded to form an eight by eight 
multiplication, is shown in figure 5. Note that although 
the result is a full sixteen bits, the algorithm only per- 
forms eight bit additions and that only a single sixteen 
bit shift operation is involved. This has the effect of 
reducing both the code space and the execution time 
for the routine. 



ISIS-II MCS-4S,'UPI-41 MACRO ASSEMBLER, V2. 8 
IOC 0BJ SEQ SOURCE STATEMENT 



1 WflCROFILE 

2 $INCLUDE(.Fl:Mr>Y8.HED) 

= 4 * * 

= 5 ; * MPY8X8 * 

= 6 i * * 

= 8 i* * 

= 9 ; * THIS UTILITY PROVIDES AN 8 BY 8 UNSIGNED MULTIPLY * 

= 18 ,* flT ENTRY: * 

= H i* A = LOWER EIGHT BITS OF DESTINATION OPERAND * 

= 12 ;* XA= DON'T CARE * 

= 13 i* Rl= POINTER TO SOURCE OPERAND (MULTIPLIER) IN INTERNAL MEMEORY * 

Figure 5 
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LOC 063 



SEP SOURCE STATEMENT 



= 14 i * + 

= 15 ,* AT EXIT: « 

= 16 i* fl = LOWER EIGHT KITS OF RESULT * 

= 17 y* XA= UPPER EIGHT BITS OF RESULT * 

= 18 ;* C = SET IF OVERFLOW ELSE CLEARED * 

I 19 .;* * 

= 20 ; *************+***************«^ 

21 i 

22 i 

23 $INCLU0E(:F1:MF'V8 POL) 
= 24 ;1 MPV8XS. 

= 25 ,1 NULTIPLICflNK 15-83 
= 26 ,1 COUNT . =8 
= 27 ;1 REPEAT 

= 23.; 2 IF NULTIPLICANDtOO THEN BEGIN 
= 29 rlUlTIFtlCAM. MULTIPLICAND/2 

= 36 « 2 ELSC 

= 21 ;3 NULTIPLICflNDC 15-8 X =HLK.TIPLICFINM 15-3 D+MULTIPLIER 

= 32,3 MULTIPLICTO:=Ml.iTIPLICHNIV'2 

= 33 ;2 END IF 

= 34 ;2 COUNT :=C0UNT-1 

* 35 1 UNTIL COUNTS 

= 35 .-1 END MPVSSS8 

37 

38 EQUATES 
40 i 

0002 41 XA EQU R2 
8003 42 COUNT E8U R3 
0004 43 ICNT EQU R4 

44 i 

0003 45 DIGPR EQU 3 

46 i 

47 $EJECT 

48 tINCLUDE<:Fi:HPV8) 
= 49 ;1 MPV8X3. 

= 50 MPV8X8: 

= 51 ,1 HULTIPLICflNM15-8]:=8 

0000 %m -- 52 mov xa..#00 

= 53 .1 COUNT : =3 

0002 BG88 = 54 m C0UNL«8 

= 55 ; 1 REPEAT 

= 56 MPV8LP: 

= 57,2 IF MULTIPLICAND! 8 1=0 THEN BEGIN 

0004 128E = 58 JB0 PIPVSA 

= 59 i 3 MULTIPLICAND: MULTIPLICANDS 



8006 2fl 


= 60 


XCH 


A,XA 


0887 97 


= 61 


CLR 


C 


0088 67 


= 62 


RRC 


A 


8009 2A 


= 63 


XCH 


A,XA 


000A 67 


= 64 


RRC 


A 


800B EB04 


* 65 


DJNZ 


COUNT- NPV8LP 


080D 83 


* 66 


RET 






* 67;2 


ELSE 





Figure 5 (continued) 
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IOC OBJ SEQ SOURCE STfiTEMENT 

■ 6? MF'VSfl: 

» » ii fCH-TIPL ICfiNDL 15-8 ] : =MLILTIPLICRHW: 15-S 3+MULTIPLIER 

888E 2fl = 78 xch fl,xR 

888F 61 = 71 HDD fl, m 

0810 67 = 72 RRC R 

8011 2fl =73 XCH ft.Xfl 

8812 67 =74 RRC fl 

8813 EB04 = 75 DJNZ COUNT, MPV8LP 
8815 83 = 76 RET 

= 77,3 MUL T I PL 1 CRHD : =HUL T I PL I CflNO, "2 

= 78 ;2 END IF 

= 73 ;2 COUNT =C0UNT-1 

= eo ii until counts 

= 81 i 1 END HPV3X8 
82 END 

USER SVrSOS 

COUNT 8883 DIGPR 8883 ICNT 8884 MFVSR 088E HPV8LP 8884 rf-VtSffi 0888 XH 
flSSEMBLV COMPLETE. NO ERRORS 
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DIVIDE ALGORITHMS 

In order to understand binary division a four bit opera- 
tion will again be used as an example. The following 
algorithm will perform a four by four division: 



DIVIDE: 

IF 16*DIVISOR> = DIVIDEND THEN 

SET OVERFLOW ERROR FLAG 
ELSE 

IF 8*DIVISOR>= DIVIDEND THEN 
QUOTIENT^]: =1 

DIVIDEND: = DIVIDEND — 8* DIVISOR 
ELSE 

QUOTIENT^]: = 
ENDIF 

IF 4*DIVISOR>= DIVIDEND THEN 
QUOTIENT^]: = 1 

DIVIDEND: = DIVIDEND - 4* DIVISOR 
ELSE 

QUOTIENT^]: = 
ENDIF 

IF 2*DIVISOR>= DIVIDEND THEN 
QUOTIENT[1]: = 1 

DIVIDEND: = DIVIDEND - 2* DIVISOR 
ELSE 

QUOTIENT[1]: = 
ENDIF 

IF 1*DIVISOR>= DIVIDEND THEN 
QUOTIENT^]: = 1 

DIVIDEND: = DIVIDEND — 1 'DIVISOR 
ELSE 

QUOTIENT^]: = 
ENDIF 
ENDIF 
END DIVIDE 



The algorithm is easy to understand. The first test asks 
if the division will fit into the dividend sixteen times. If it 
will, the quotient cannot be expressed in only four bits 
so an overflow error flag is set and the divide algorithm 
ends. The algorithm then proceeds to determine if eight 
times the divisor fits, four times, etc. After each test it 
either sets or clears the appropriate quotient bit and 
modifies the dividend. To see this algorithm in action, 
consider the division of 15 by 5: 



00001111 
■01010000 



00001 1 1 1 
-00101000 



00001111 
■00010100 



00001111 
-00001010 

00000101 

00000101 
-00000101 

00000000 



(15) 
(16*5) 

Doesn't fit— no overflow 

(15) 
(8*5) 

Doesn't fit— Q[3] = 

(15) 
(4*5) 

Doesn't fit— Q[2] = 

(15) 
(2*5) 

Fits-Q[1] = 1 

(15-2*5) 
(1*5) 

Fits-Q[0]=1 



The result is Q = 0011 which is the binary equivalent of 
3 — the correct answer. Clearly this algorithm can (and 
has been) converted to a loop and used to perform divi- 
sions. An examination of the procedure, however, will 
show that it has the same problems as the original mul- 
tiply algorithm. 
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The first problem is that double precision operations are 
involved with both the comparison of the division with 
the dividend and the conditional subtraction. The 
second problem is that as the quotient bits are derived 
they must be shifted into a register. In order to reduce 
the register requirements, it would be desirable to shift 
them into the divisor register as they are generated 
since the divisor register gets shifted anyway. Unfor- 
tunately the quotient bits are derived most significant 
bits first so doing this will form a mirror image of the 
quotient— not very useful. 

Both of these problems can be solved by observing that 
the algorithm presented for divide will still work if both 
sides of all the "equations" involving the dividend are 
divided by sixteen. The looping algorithm then would 
proceed as follows: 

DIVIDE: 
QUOTIENT: = 
COUNT: = 4 

DIVIDEND:= DIVIDEND/16 
IF DIVISOR>= DIVIDEND THEN 
OVERFLOW FLAG: = 1 
ELSE 
REPEAT 
DIVIDEND: = DIVIDEND'2 
QUOTIENT: = QUOTIENT*2 
IF DIVISOR>= DIVIDEND THEN 
QUOTIENTS QUOTIENT + 1/*SET QUOTIENT[0]*/ 
DIVIDENDS DIVIDEND-! 
ENDIF 



COUNT: = COUNT- 1 
UNTIL COUNT = 
ENDIF 
END DIVIDE 



When this algorithm is implemented on a computer 
which does not have a direct compare instruction the 
comparison is done by subtraction and the inner loop of 
the algorithm is modified as follows: 



REPEAT 

DIVIDENDS DIVIDEND*2 
QUOTIENT: = QUOTIENT*2 
DIVIDENDS DIVIDEND- DIVISOR 
IF BORROW = THEN 

QUOTIENT: = QUOTIENT+1 
ELSE 

DIVIDENDS DIVIDEND-*- DIVISOR 
ENDIF 

COUNT: = COUNT- 1 
UNTIL COUNT = 



An implementation of this algorithm using the 8049 in- 
struction set is shown in figure 6. This routine does an 
unsigned divide of a 16 bit quantity by an eight bit quan- 
tity. Since the multiply algorithm of figure 5 generates a 
16 bit result from the multiplication of two eight bit 
operands, these two routines complement each other 
and can be used as part of more complex computations. 



ISIS-II NCS-48/UPl-tt HflCRO ASSEMBLER, V2. 8 



IOC OBJ SES SOURCE STRTEMENT 

1 JMRCROFILE 

2 *INCLUDE(:F1:DIV16.HED> 
= ? ;M» tlMMIMIKt 



4 ;* 

5 i * DM6 



= 6 ;* 
= 7 ;*= 



8 ;* 

9 I* THIS UTILITV PROVIDES AN 16 BY 8 UNSIGNED DIVIDE 
18 ;» AT ENTRY: 

11 i* A = LOWER EIGHT BITS OF DESTINATION OPERAND 

12 ;* XR= UPPER EIGHT BITS Of DIVIDEND 

13 ;* Rl= POINTER TO DIVISOR IN INTERNAL MEMORY 

14 ;* 

15 ;* AT EXIT 



16;* A = LOWER EIGHT BITS OF RESUL1 

ITi* XA= REMAINDER 

Figure 6 
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LOC OBJ SEQ SOURCE STATEMENT 

= 18 ; * C - SET IF OVERFLOW ELSE CLEARED * 

= 19 j* * 

21 i 

22 i 

23 *INCLUDE(:F1:DM6 PDL) 
= 24 ;i DM6 

= m >i C0UNT;=8 

= 26 il DIVIDBK15-83:sOIVIDE»tl5-8H>IVISDR 
= 27 * 1 IF BORROWS THEN IT FITS*/ 
= 28 i 2 SET OVERFLOW FLAG 
= 29 i 1 ELSE 

= 39 ;2 RESTORE DIVIDEND 

* 31 ; 2 REPEAT 

= 32 ,3 DIVIDEND :=DMDEND*2 

= 33 ; 3 QUOTIENT. =QU0TIENT*2 

= 34 : 3 D MDENDC 15-8 ] : =D M DENDI 15-8 H) I V I SOR 

= 35 ;2 IF BORROW THEN 

= 36-4 RESTORE DIVIDEND 

= 37 ; 3 ELSE 

= 38 ;4 auonoraw.si 

= 39 ;3 ENDIF 

= 49 COUNT =COUNT-l 

■ 41 ; 2 UNTIL C0UNT=8 

= 42 ; 2 CLEAR OVERFLOW FLAG 

= 43 ;1 ENDIF 

= 44 il ENDDIVIDE 

45 ; 

46 i EQUATES 

48 i 

8802 49 Xfl EQU R2 

0003 50 COUNT EQU R3 

51 i 

52 fEJECT 

53 $INCLUDEf:Fl:DIV16) 
= 54 ;1 DIV16: 

8000 2A = 55 DM6: XCH A,XA i ROUTINE WORKS MOSTLY WITH BUS 15-8 

= 56 ii COUNT: =8 
0901 BB08 = 57 MOV COUNT, #8 

= 58 .1 DIVIDENDC15-8]:=DIVIDENDC15-8HiIVIS0R 

0003 37 = 59 CPL A 

0004 61 = 60 HDD A, 0R1 

0005 37 = 61 CPL A 

= 62 il IF BORROWS THEN /* IT FITS*/ 
0806 F68B = 63 JC DMA 

= 64 ; 2 SET OVERFLOW FLAG 
8008 A7 = 65 CPL C 

8089 8424 = 66 JMP DIVIB 

= 67 ; 1 ELSE 

= 68 BlVIff: 

= 69 i 2 RESTORE DIVIDEND 
800B 61 = 79 ADD fi,«l 

= 71 -a REPEAT 
= 72 DIVILP: 

= 73,3 DIVIDEND : =DMDEND*2 

Figure 6 (continued) 
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= 75 


CLP 


C 


yfiyO 


= 76 


XCH 


H.Xfl 


000E f? 


= 77 


PLC 


ft 


000F as 


= 78 


XCH 


ft.Xft 


0010 F? 


= 79 


PLC 


ft 


8811 E618 


= se 


JNC 


DIVIE 


8813 37 


= 81 


CPL 


ft 


9814 61 


* 32 


flPO 




8815 37 


= 83 


CPL 


ft 


9816 8428 


= 84 


jhp 


DIVIC 




= 85 .3 


DIVIDEND! 15-8 ] : =DIVIOENK 15-8HHVIS0R 


8818 37 


= 86 DIVIE: 


CPL 


ft 


0819 61 


= 87 


HDD 


ft..»Rl 


881ft 37 


= 88 


CPL 


ft 




* 89 -3 


if borrow then 


881B E628 


* 98 


JNC 


DiVIC 




= 91 > 4 


RESTORE DIVIDEND 


881D 61 


= 92 


ADD 


ft, »R1 


8W1E 8421 


= 93 


W 


DIVID 




« 94 i 3 


ELSE 






* 95 MVIC: 








= 96 . 4 


QUOTIENT! 8 1. =1 


8828 1ft 


= 97 


INC 


Xfi 




= 98 f j 


END IF 






= 99 • 3 


mm 


=COUNT-l 




* 100 i 2 


UNTIL C0UNT=8 


0821 EBOC 


= 181 DIVID: 


WNZ 


COUNT, DIVILP 




= 102 ig 


CLEflP OVERFLOW FLAG 


8823 97 


= 103 


CLR 


C 




= 184 1 END IF 






* 185 i 1 EHDDMflE 




8024 2fl 


= 186 f-IVIB. 


XCH 


ft.. Xft 


8825 S3 


= 187 


RET 






188 END 







USER SYMBOLS 

COUNT 8083 DIV16 88 
Xft 8882 

ftSSEMBLY COMPLETE, NO ERRORS 



DIVIft 888B DIV1B 8824 DIVIC 8828 DIVID 0021 DIVIE 8818 DIVILP 



Figure 6 (continued) 
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BINARY AND BCD CONVERSIONS 

The conversion of a binary value to a BCD (binary coded 
decimal) number can be done with a very straight- 
forward algorithm: 



CONVERTJTCLBCD: 
BCDACCUM: = 
COUNT:= PRECISION 
REPEAT 

BIN: = BIN * 2 
BCD: = BCD * 2 + CARRY 
COUNT: = COUNT - 1 
UNTIL COUNT = 
END CONVERT_TO_BCD 





The variable BCDACCUM is a BCD string used to ac- 
cumulate the result; the variable BIN is the binary num- 
ber to be converted. PRECISION is a constant which 
gives the length, in binary bits of BIN. To see how this 
works, assume that BIN is a sixteen bit value with the 
most significant bit set. On the first pass through the 
loop the multiplication of BIN will result in a carry and 
this carry will be added to BCD. On the remaining 
passes through the loop BCD will be multiplied by two 
15 times. The initial carry into BCD will be multiplied by 
2 15 or 32678, which is the "value" of the most significant 
bit of BIN. The process repeats with each bit of BIN 
being introduced to BCDACCUM and then being scaled 
up on successive passes through the loop. Figure 7 
shows the implementation of this algorithm for the 
8049. 
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rSIS-ll F1CS-48/UPI-41 MACRO ASSEMBLER, V2. 9 



IOC OBJ SEQ SOURCE STHTEMEN1 



1 fHHCROFILE 

2 «WCLL©Et.Pl:CONBCO HED) 

= 4 * 

= 5 i* CONBCO * 

= 6 ,* * 

= ? j 

= 8 ;* * 

= 9 i* THIS UTILITY CONVERTS fl 16 SIT BINflRV VfiUIE TO BCD * 

= 18 i* AT ENTRV * 

= tot* fl = LOWER EIGHT BITS IF BINflRV VftLUE * 

= 12 ;* Xft= UPPER EIGHT BUS OF BINflRV VALUE * 

= 13 > * R9= POINTER TO fl PACKED BCD SIRING * 

= 14 f* * 

= 15 ;* AT EXIT * 

= if ;* A - UNDEFINED * 

= 17 i* Xfl= UNDEFINED * 

a 18 i * C = SET IF OVERFLOW ELSE CLEARED * 

= 19 i * * 

= 20 ; **********>w********ww 



21 i 

22 ; 

23 $INCLUDE( :Fl:CONBCDPDL> 
= 24 it CONVERT.TO.BCD 

= 25 .1 6CDflCC.=8 

= 26 ..1 COUNT =16 

= 27 ,1 REPEAT 

= 23 ;2 6IN:=BIN*2 

= 29 -.2 BCD.=BCD*2+CARRV 

' 38.; 2 IF CflRPV FROM BCDftCC GOTO ERROR EXIT 

= 31 J 2 COUNT :=COUNT-l 

= 22 ;1 UNTIL GOOff^ 

= 32 ;1 END CONVERT.TO.BCD 

34 ; 

35 i EQUATES 
jg ======= 

37 ; 

8002 38 XA EQU R2 

0603 39 COUNT EQU R3 

0084 40 ICNT EQU R4 

41 i 

0003 42 DIGPR EQU 3 

43 i 

44 IEJECT 

45 «NCLUDK:F1 CONBCD) 
= 46 , 

0005 = 47 TEMPI SET R5 

= 48 i 

=■ 49 , 1 ODNVERT.TO.BOi 
= 50 CNBCD 
= 51 ;1 BCDftCC =8 
0800 28 = 52 XCH fl, R8 



Figure 7 
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LOC OBJ SEQ SOURCE STftTEHENT 

0801 K) = 53 MOV Rl. fi 

8002 2? = 54 XCH ft Re 

0003 BC02 a 55 nov im. mm 

8905 BlOO = 56 BCDCCfl- MOV gRL«08 

0807 19 i 57 INC PI 

0008 EC05 » 66 DJNZ ICNLBCDCOfl 

a 59 ;1 COUNT. =16 

seen nu = 60 nov sam,m 

= 61 ;i REPEAT 

= 62 BCDCOB: 

= S3 i2 BIN:=BIN*2 



80OC 97 


r 64 


CLR 


C 


0O0D F7 


a 65 


PLC 


ft 


eeeE 20 


= 66 


XCH 


ftXA 


880F F7 


= 67 


PLC 





8010 2ft 


a 68 


XCH 


ft XA 




a 69 i 2 


BCD -aBCD*2+CRRPV 


8011 23 


= 78 


XCH 


ft Re 


0012 09 


= 71 


MOV 


RLfl 


8013 28 


= 72 


XCH 


ft Re 


0014 6C83 


= 73 


MOV 


KHT, #DIGPR 


0816 AD 


= 74 


MOV 


TEMPI. fl 


8017 Fl 


a 75 BCGOC 


MOV 


MM 


8018 71 


a 76 


ROOC 




0019 57 


= 77 


Dfl 


a 


081H fll 


= 73 


MOV 


0R1, ft 


801B 19 


= 79 


INC 


Rl 


001C EC17 


a 80 


DJNZ 


icnt. bcdoc 


OOIE FD 


= 81 


MOV 


fl. TEMPI 



= 82 , 2 IF CflRRV FROM BCOflCC GOTO ERROR EXIT 
O01F F624 = S3 jc BCDCOD 

= 34 ; 2 COUNT :=C0UNT-1 

= 85 j 1 UNTIL COUNT=0 
0021 EB8C = 36 DJNZ COUNT, BCDCOB 

0023 97 = 87 CLR C ; CLEAR CflRRV TO INDICATE NORMAL TERMINATION 

= 88 ; 1 END CONVERT.TO.BCD 
8824 83 = 39 BCDCOD RET 

90 END 

USER SYMBOLS 

BCDCOA 3005 BCDCOB 00OC BCDCOD 0024 BCDOC 0017 CNBCD 0088 COUNT 8883 DIQPR 8803 ICNT 8884 
TEMPI 8885 XA 0802 

ftSSEMBL" COMPLETE, NO ERRORS 



Figure 7 (continued) 
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The conversion of a BCD value to binary is essentially 
the same process as converting a binary value to BCD. 

CONVERT_TO_BINARY 
BIN: = 

COUNT: =DIGNO 

REPEAT 

BCDACCUM:= BCDACCUM * 10 
BIN:=10 * BIN + CARRY DIGIT 
COUNT: = COUNT- 1 

UNTIL COUNT = 
END CON VERT_TO_BI NARY 

The only complexity is the two multiplications by ten. 
The BCDACCUM can be multiplied by ten by shifting it 
left four places (one digit). The variable BIN could be 
multiplied using the multiply algorithm already dis- 
cussed, but it is usually more efficient to do this by mak- 



ing the following substitution: 

BIN = 10 * BIN = (2) * (5) * (BIN) = 2 * (2 * 2+1) * BIN 

This implies that the value 10 * BIN can be generated by 
saving the value of BIN and then shifting BIN two places 
left. After this the original value of BIN can be added to 
the new value of BIN (forming 5 * BIN) and then BIN can 
be multiplied by two. It is often possible to implement 
the multiplication of a value by a constant by using such 
techniques. Figure 8 shows an 8049 routine which con- 
verts BCD values to binary. This routine differs slightly 
from the algorithm above in that the BCD digits are read, 
and converted to binary, two digits at a time. Protection 
has also been added to detect BCD operands which, if 
converted, would yield binary values beyond the range 
of the result. 



isis-ii nes-4MM-4i macro assembler, y*f 



LOC OBJ SEQ SOURCE STATEMENT 

1 tMACTOFILE 

2 $INCLUDE( Fl : CONBIN. HED) 



4 :* * 

5 i* CONBIN * 

6 ;* * 



7 j 

8 ;* * 

9 i* THIS U'ULITV CONVERTS A 6 DIGIT BCD VALUE TO B1NARV * 

18 ,* AT ENTRv * 

11 i* R8= POINTER TO A PACKED BCD STRING * 

12 i* * 
O >* AT EXIT: * 
14 ;* A = LOWER EIGHT BITS Of THE BINARV PESUL'i * 
lb ;* Xfi= UPPER EIGHT BITS OF THE BINARV RESULT * 

16 ;* C = SET IF OVERFLOW ELSE CLEARED * 

17 :■* * 

13 ; ********************** ***** 

19 i 

28 ; 

21 *INCLUDE< Fl : CONBIN. PDL> 

22 i 

22 :■ 

24 ;1 CONVERT.T0.BINARV 

25 ;1 POINTERS :=P0INTER8+DIGITPAIR-1 

26 il COUNT :=DIGITPAIR 

27 ii BIN:=0 

23 fl REPEAT 

29 s2 BIN:=BIN*1G 
38 ;2 BIN:=BIN+MEM<R8')C7-4] 

21 ;2 BIN.=8!N*18 

22 ;2 BIN =BIN+MEM(R8)[2-8] 
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LOC OBJ 



SE6 SOURCE STATEMENT 



= 33 i 2 POINTERS :=P0INTER8-i 
= 34 .2 COUNT :=COUHT-l 
= 35 i 1 UNTIL COUNTS 
= 36 • 1 END CONVERT.TO.B I NARV 

V i 

33 ; EQUATES 

40 ; 

8802 41 XA EQU R2 

0083 42 COUNT EQU R3 
8884 43 ICNT EQU M 

44 i 

9883 45 DIGPR EQU 3 

46 • 

47 $E JECT 

43 $INCLUDE<:Fl:CfjNBIN) 
= 49 i 

8685 = 50 TEMF1 SET R5 

8886 = 51 TEMP2 SET R6 

» 52 : 

* 53 ii CCWERT.TO.BINARV 

= 54 CONBIN: 

- 55 il POINTERS :=P0INTER8+0ICITPAIR-i 

8800 F8 = 56 MOV A,R0 

8881 8382' = 57 ADD A, #D1GPR-1 

8883 A8 =58 MOV R8, A 

= 59 ;1 COUNT :=DIGITPAIR 

0084 BB03 = 60 MOV COUNT, #DIGPR 

= 61 ;i BIN =8 

8006 27 = 62 CLR A 

8007 Afi = 63 MOV XA, A 

s 64 .1 REPEAT 

= 65 CCNBLP: 

= 66 ,1 BIN:=BIN*ie 



$608 14i'B 


= 67 


CALL 


C0NB18 


080ft F62A 


= 68 


JC 


CONBER 




= 6?;2 


BIN.=6IN+MEt'KR8)[; 


888C AD 


= 78 


NOV 


TEMPI, A 


888D F0 


= 71 


MOV 


a, m 


888E 47 


= 72 


SWAP 


A 


800F 530F 




ftNL 


A, #8FH 


0011 6D 


= 74 


ADD 


A, TEMPI 


0812 2A 


= 75 


XCH 


ft, XA 


0013 1300 


= 76 


ADDC 


ft #88 


0015 2A 


= 77 


XCH 


A,XA 


8816 F62fl 


= 78 


JC 


CONBER 




= 79 ,2 


BIN;=BIN*18 


8813 1426 


= 38 


CALL 


C0NB18 


081ft F62A 


= 81 


JC 


CONBER 




= 82 i 2 


BIN:=BIN+MEN(R8>C: 


881C AD 


= 33 


NOV 


TEMPI, ft 


801D F0 


= 84 


MOV 


fl,9R8 


801E 538F 


= 85 


ANL 


ft, #8FH 


8828 6D 


= 86 


ADD 


ft, TEMPI 


8821 2A 


= 87 


XCH 


fl,XA 



-83 
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LOC OBJ SEQ SOURCE STfiTEHENT 

0022 1108 = 88 ADDC A, #00 

0024 2fl = 89 XCH ft, Xfl 

8825 F62fl = 90 JC C0N3EP 

= 91 ;2 POINTER8:=POINTER0-1 

0027 C8 = 92 DEC RO 

= 93 i2 COUNT :=C0UNT-1 
= 94 ,1 UNTIL COUNTS 

0028 EB08 = 95 WNZ COUNT, CONBLP 

= U ; i END CONVERT.TO.BINflRY 
MSI 83 = 97 CONGER : RET 

= 98 IEJECT 
= 99 ) 
= 1O0 ; 

= 101 i iraUTV TO MULTIPLY GIN BV 10 

= 102 j CARRY WILL BE SET IF OVERFLOW OCCURS 

= 103 i 

0026 fiD = 104 C0NB18. MOV TEMPI. fl ; SAVE A 

802C 2H = 105 XCH A, XA > SAVE Xfl 

802D AE =106 NOV TEMP2..A 

O02E 2A = 107 XCH A, XA 
= 108 i 

802F 97 = 109 CLR C 

8630 F7 = 118 PLC A ; BIN:=BIN*2 

8031 2A = 111 XCH A. XA 

8832 F7 = 112 RLC A 

8033 2A = 113 XCH A, XA 

8834 F646 = 114 JC C0NG1E , ERROR ON OVERFLOW 
= 115 i 

0O36 F7 = 116 PLC fl i B1N:=BIN*4 

0837 2A = 117 XCH A. XA 

0833 F7 = 118 RLC fl 

8839 2ft = 119 XCH A, XA 

803A F646 = 120 JC C0NB1E i ERROR ON OVERFLOW 
= 121 ; 

0O3C 6D =122 ADD A, TEMPI ; BIN:=BIN*5 

003D 2A = 123 XCH A, XA 

0O3E 7E = 124 ADDC A, TEMP2 

803F 2A = 125 XCH A, XA 

0848 F646 = 126 JC C0NB1E ; ERROR ON OVERFLOW 
= 127 i 

0042 F7 = 128 RLC ft i BIN:=BIN*10 

0043 2ft = 129 XCH A, XA 

0044 F7 = 130 RLC A 

0845 2ft = 131 XCH A, Xfl 

= 132 ! 

0846 83 = 133 C0NB1E: RET 

= 134 
* 135 i 
136 END 

USER SVMGOLS 

C0NB10 002G C0NB1E 0046 CONBER 0O2A CONBIN 0088 CONBLP 0008 COUNT 0003 DIGPR 0803 1CNT 0004 

TEMPI 0805 TEMP2 8886 XA 0002 

ftSSEMBLV COMPLETE, NO ERRORS 
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real time available to the 8049 will be consumed by the 
serial link. This implies that an 8049 running full duplex 
serial I/O will still outperform earlier members of the 
family running without the serial I/O requirement. It is 
also possible to run this program in an 8048 or 8748 at 
1200 baud with the same 42 percent CPU utilization. 

The execution times for the other routines that have 
been discussed have been summarized in Table 1. All of 
these routines were written to maintain maximum use- 
ability rather than minimum code size or execution time. 
The resulting execution times and code size are there- 
fore what the user can expect to see in a real applica- 
tion. The results that were obtained clearly show the ef- 
ficiency and speed of the 8049. The equivalent times for 
the 8048 are also shown. It is clear that the 8049 repre- 
sents a substantial performance advantage over the 
8048. Considering, in most applications, that the 8048 is 



n«,o s5 H uhcu iuu iiiucii — cuinpuier power lor a single 
chip approach. 

EXECUTION TIME 
(MICROSECONDS) 





BYTES 


8049 


8048 


MPY8 


21 


109 


200 


DIV 16 


37 


183 MIN 
204 MAX 


335 MIN 
375 MAX 


CONBCD 


36 


733 


1348 


CONBIN 


70 


388 


713 



Table 1. Program Performance 
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I. PURPOSE AND SCOPE 

This Application Note presents a description of the 
design and operation of a high-speed emulator for the 
Intel® MCS-48™ family of single chip microcomputers. 
The HSE-49™ emulator provides a simple and inexpen- 
sive means for executing and debugging 8049 programs 
which require the full 11-MHz operating speed of the 
part. 

Section II of this Application Note describes some of 
the features of this development tool and how it may be 
used. Section III briefly discusses the hardware used to 
implement these features, while Section IV describes 
the manner in which program execution status is made 
available to the operator. 

A detailed description of all of the operator commands 
is presented in Section V of this note, along with the 
modifiers and options which may be specified for each 
command. Known restrictions and limitations of the 
HSE-49 system are listed and explained in Section VI. 
Section VII shows how the basic circuit may be 
modified to provide options on memory organization, I/O 
configurations, etc. 

Full schematics of the system hardware, as well as 
monitor software listings, are presented in Appendices 
A and B, respectively. A short summary of the command 
syntax is presented in Appendix C,. Appendix D ex- 
plains the error message codes which may appear dur- 
ing use. 

It is assumed that the reader is already familiar with the 
operation of the 8048 or 8049 microcomputers. Some 
knowledge of the 8048 architecture is needed to under- 
stand sections of the command and modifier descrip- 
tions. Most users will already have this background. 
Other readers are referred to the MCS-48 Microcom- 
puter User's Manual, Intel publication number 9800270. 



II. THE HSE-49 DEVELOPMENT TOOL 

In essence, the HSE-49 emulator provides the user a 
means for executing an MCS-48 program located in ex- 
ternal RAM rather than internal ROM or EPROM. This 
allows programs being debugged to be modified easily 
and quickly during the debug cycle. A user's program 
may be entered into system RAM either manually or via 
a serial link from a host computer such as an In- 
tellect Microcomputer Development System. Once 
loaded, the program can be modified using an on-board 
keyboard and display, and executed in real-time in a 
number of breakpoint modes. The internal state of the 
processor, including RAM, accumulator, timer/counter, 
and status register contents, can also be read and 
modified through the keyboard. 

Breakpoint and debug facilities are extremely flexible. 
The following execution modes are provided. 

• Programs may be run in full (11 MHz) real time; 

• Programs may be single-stepped; 

• In break mode, programs run in full real time until 
break occurs; 



• Breaks may be triggered by either program or exter- 
nal data RAM accesses; 

• Any number of breakpoints may be used in any 
combination; 

• "Auto-Step" operation causes the current program 
counter and Accumulator contents to be printed on 
the display for a short time on every instruction 
cycle; 

• "Auto-Break" provides the above display only when 
a break flag is encountered, with real time opera- 
tion otherwise; 

• While running in non-break mode, a TTL-level pulse 
is generated whenever a break flag is encountered. 
This signal may be used to trigger an oscilloscope 
or Logic Analyzer to assist in hardware and soft- 
ware debug. 

• While running in any mode, the keyboard and 
display are "alive". Execution may be suspended or 
terminated by commands from the keyboard. 



Intent of this Note 

While the HSE-49 emulator can assist a new microcom- 
puter user in becoming familiar with the 8048 and 8049 
microcomputers, its inherent debug capabilities will 
also prove helpful to design engineers. The design 
could be used for new system development and verifica- 
tion or adapted for prototype production. 

The main concern in designing the HSE-49 emulator was 
to keep the basic design simple, while maximizing the 
system's flexibility. The design allows the use of 
Jumpers, hardware and software switches, etc. to allow 
the user to reconfigure the system according to the way 
he dedicates chip-select pins, I/O, etc. The emulator can 
be changed to fit each user's unique needs, rather than 
forcing the user to alter his needs to what is provided. 

The primary intent of note is to provide the reader with 
the information needed to reconstruct and make full use 
of the HSE-49 emulator. Less emphasis is placed on 
describing how the hardware operates or how the com- 
mands are implemented. This information may be found 
in the schematic diagrams and software listings in- 
cluded in the Appendices. 



III. GENERAL HARDWARE OVERVIEW 
User Program Emulation 

The actual emulation of the user's program is done 
using an 8039 microcomputer (IC29 on the schematics 
in Appendix A) executing a program stored in external 
RAM. The basic minimum configuration includes the 
8039 microcomputer, an 8282 address latch (IC19), and 
2K bytes of 2114 RAM to use for program development 
and real-time execution (ICs B1, C1, B2, and C2). Addi- 
tional RAM may be added to allow the user to expand 
his program and data memory to 4K each. (If an 11-MHz 
crystal is used with the microcomputer, type 2114-3 
RAMs must be used.) 
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keyboard and display, interpret and implement com- 
mands, drive serial interfaces, etc. In general, the 
master processor is used to interface the execution 
processor's memory spaces with the outside world and 
control the operation of the execution processor. In this 
note the two processors will be abbreviated "MP" and 
"EP", respectively. Figure 1 shows how the two proc- 
essors interrelate with the rest of the system, 
system. 

Keyboard/Display 

The 33-key keyboard shown in Figure 2 includes a 16-key 
hexidecimal keypad and 17 special function keys for 
specifying commands and modifiers. Readers already 



ditional keys are used to generalize and augment the 
PROMPT-48 capabilities, as described in Section V. 



The eight-character seven-segment display (DS1-DS8) 
is used for displaying addresses, data, and pseudo- 
alphanumeric messages. The display responses printed 
in Section V and throughout this note use a mix of upper 
and lower case letters to indicate what seven-segment 
patterns appear. An 8243 (IC9) and eight DIP packages 
(resistor packs, current buffers, etc.) are used for 
multiplexing the display and scanning the keyboard. 



Breakpoint I 

Breakpoints are specified and detected using a 2102A 
1 K x 8 RAM corresponding to each pair of 21 14s (ICs A1 
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Figure 1. HSE-49™ Emulator Signal Flow Diagram 
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UPLOAD 




PROG BRK 
AUTO STP 
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Figure 2. HSE-49™ Emulator Command Keyboard Organization 
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and A2). In effect, each program or data address ac- 
cesses a 9-bit word. Eight bits are used normally for 
code or data storage. The ninth bit, accessed in parallel 
with the other eight, is used to indicate if a breakpoint 
has been set for that address. This output, when 
asserted, is latched (IC27 and IC36) and used to halt the 
execution processor via the single-step input. (In other 
modes, the break logic can be reconfigured to set the 
break requested flip-flop on any EP machine cycle or 
any EP "MOVX" instruction.) 

Link Register 

An 8212 8-bit latch (IC18) is used to communicate data 
and commands between the master and control proc- 
essors. Under control of the MP, this register, called the 
"Link" register, may be logically mapped into either the 
program or data RAM address spaces. When this is 
done, the 2114s in the respective memory space are 
disabled and the link responds to all accesses, 
regardless of address. The link will be discussed in 
greater detail in Section IV. 

Control Logic 

In addition to the devices mentioned above, the 
minimum configuration requires about 10 additional ICs 
for bus arbitration, system control, and breakpoint and 
single-step logic. Additional parts may be optionally 
added for serial port interfacing, I/O reconstruction, etc. 

MP Monitor 

The monitor program executed by the MP includes com- 
mands for filling, reading, or writing the various memory 
spaces, including the execution processor's program 
RAM, external ("MOVX") data RAM, accumulator, PSW, 
PC, timer/counter, working registers, and internal RAM; 
to execute the user's program from arbitrary addresses 
in various debugging modes; and to upload or download 
object or data files from diskettes using an In- 
tellect development system. No special software is 
needed for the Intellec® other than ISIS Version 3.4 or 
later. The data format is compatible with the standard 
Intel hex file format produced by ASM-4; the baud rate 
may be altered from 110 baud (default state) up to 2400 



baud from the on-board keybad. Blocks of data may be 
transmitted to a CRT or printer and displayed in a 
tabular format. 

IV. INTERPROCESSOR COMMUNICATION 
Program Break Sequence 

When the MP detects that the EP has been halted by the 
breakpoint hardware, or when the operator presses a 
key while the program is executing, the program break 
sequence is initiated. The low-order 23 bytes of user pro- 
gram memory is read into a buffer within the internal 
RAM of the MP. A short program for reading and 
transmitting internal EP status is written over the low- 
order program memory. (This is one of several "mini- 
monitors" overlayed over the user program area.) The 
link register is mapped logically over the user program 
memory, and loaded with the 8049 machine code for a 
"CALL" instruction to the mini-monitor program area. 
The EP is then allowed to fetch a single instruction from 
the link, i.e., the "CALL" to the mini-monitor is forced 
onto the EP data bus. 

From this point on, the EP executes code contained in 
the mini-monitor. The link is logically mapped over the 
data RAM address space (whether or not any 21 14 data 
RAMs are present). A block diagram of the system at 
this point is shown in Figure 3. The break logic is recon- 
figured so that any "MOVX" (RD or WR) operation ex- 
ecuted by the EP will cause it to halt. 

For example, after entering the first mini-monitor, the 
EP executes a "MOVX @R0,A" instruction. This writes 
the contents of the accumulator prior to the execution 
termination into the link, and causes the EP to halt. The 
MP may then read and retain the link contents to deter- 
mine the EP accumulator value. The EP timer/counter 
and PSW are preserved in the same manner. 

Accessing EP Internal RAM 

After reading and saving EP internal status, the MP 
loads a different mini-monitor into the same RAM area. 
This monitor allows the internal RAM of the EP to be 
read and written by the MP by passing address and data 
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Figure 3. Communication between EP & MP 
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values between the two processors using the link 
register. 

This is needed for two reasons. First, the EP program 
counter prior to the forced "CALL" instruction may be 
derived from the EP stack contents, and may be 
modified to cause the EP to resume execution at any 
desired address. Secondly, the internal RAM of the EP 
may then be accessed and modified in the process of 
executing a number of the monitor commands. 



Resuming User Program Execution 

In order to resume user program execution, a status- 
restoration mini-monitor is overlayed. This restores the 
EP internal status using a scheme analogous to the one 
in which the status was originally saved. The final step 
of the last mini-monitor is an "RETR" instruction, after 
which the EP is again halted. The low-order program 
memory saved earlier is rewritten into the appropriate 
area, the break logic is reconfigured for the desired ex- 
ecution mode, and the EP is released to run at full speed 
until the next break situation is encountered. 

Note that all commands are implemented using 
"logical" rather than "physical" addressing. Thus the 
operator need not be concerned with the intricacies of 
the system design. For example, when any monitor com- 
mand refers to low-order user program memory, the ap- 
propriate byte of storage within the MP internal RAM is 
accessed instead. If the location is altered, the internal 
RAM is modified appropriately. When program memory 
is reloaded prior to resuming user program execution, 
the modified version of the user program will be the one 
loaded. 



Baud 


HR06 


HR07 


1,0 


93H 


04H 


150 


96H 


03H 


300 


45H 


02H 


600 


9DH 


01 H 


1200 


44H 


01 H 


2400 


1AH 


01 H 



Table 1. Serial Interface Data Rate Parameters 



V. HSE-49 COMMAND DESCRIPTION 

Whenever the characters "HSE-49" are present on the 
system display, a command string may be entered by 
the operator. In general, all command strings consist of 
a basic command initiator, an optional command 
modifier or type-designator, and a number of parameters 
or delimiters entered as hexidecimal digits. A command 
is executed, or a command in progress terminated, by 
pressing the [END/.] key. Logical default values are 
assumed for the modifier and parameters if either (or 
both) are omitted. A defualt parameter assumed for the 
command modifier will be presented on the display 
when the first parameter is entered. 

Each parameter is a string of up to three hexidecimal 
digits. If more than three digits are entered, only the 
most recent three are considered. This allows an er- 
roneous digit to be corrected without respecifying the 
entire command. A parameter is completed by pressing 
the [NEXT/,] key. Some commands may only need the 

All mnemonics copyrighted© Intel Corporation 1976. 
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low order part of a parameter; i.e., a command incor- 
porating a data byte (such as [FILL]) will use only the 
low-order 8 bits of the corresponding parameter; Inter- 
nal RAM and hardware register addressing uses only 
seven. In each case, higher order bits are ignored. 

A command string is terminated and the command in- 
voked by pressing the [END/.] key. The command will 
also be invoked by pressing the [NEXT/,] key when no ad- 
ditional parameters are allowed. A command string may 
be aborted at any point before the command is invoked 
by pressing the [CLEAR/PREV] key, and the sign-on 
message will appear. 

Errors 

An illegal command string, command terminator, or 
hardware failure will cause an error message and error 
code number to appear on the display (e.g., "Error-.3"). 
When this occurs, the monitor can be returned to com- 
mand mode by pressing the [CLEAR] or [END/.] keys. An 
explanation of the various error codes is given in Appen- 
dix D. 

Command Classes 

Commands for the HSE-49 emulator are divided into 
general classes, where all commands in each class have 
the same choice of options or modifiers. A brief descrip- 
tion of each command, followed by a description of the 
allowed options, is presented below by class. 

Data Manipulation/Control Command Group 

Commands: 
[EXAM/CHA] 

Display Response — "ECh." 

Function — Examine/change memory location. 

Causes the memory address specified to be read 
and presented on the display. New data may be 
entered (if desired) from the hexidecimal keypad. 
New data is verified before appearing on the 
display. Subsequent or previous locations may be 
read by pressing the [NEXT/,] or [PREV] keys, 
respectively. Command terminated with [END/.] 
key. 

[FILL] 

Display Response — "FIL." 

Function — Fill range of memory addresses with a 
single data value. 

Fill the appropriate memory space between the ad- 
dresses specified by the first two parameters with 
the low-order byte of the third parameter. If second 
parameter less than first, only the location 
specified by the first is affected. If third parameter 
omitted, zero is assumed. If second and third 
parameters omitted, individual address specified is 
cleared. Command is useful for setting a large 
range of breakpoints; e.g., all of page 3 may be 
enabled for break with the command: 

[FILL][PROG BRKK300>[,K3FF>[,]<1>[.] 



[LIST] 



Function — Register memory and RAM. 



Display Response — "LSt." 

Function — List memory to output device through 
HSE-49 serial port. 

Display the contents of a range of addresses given 
by two parameters to a teletype or CRT screen. 
Data is formatted, 16 separated bytes per line, with 
the starting address of each line printed. If used 
with an Intellec® system, the operator first uses 
ISIS-II to transfer the TTY input to the CRT output 
("COPY :TI: TO :CO:") then invokes this command 
from the keypad. Alternatively, any ISIS device or 
disk file name(:TO:, :LP:, :F1:HRDREG.SAV, etc.) 
may be used as the destination. 

[DNLOAD] 

Display Response — "dnL." 

Function — Download memory through HSE-49 serial 
port 

Load data in hex file format through the serial input 
port. If used with Intellec® system, the operator 
first invokes this command from the keypad, then 
uses ISIS-II to transfer a disk file to the teletype 
port ("COPY : Fmfile.HEX TO :TO:"). 

The use of the checksum field for the download 
command is expanded slightly over the Intel hex 
file format standard. If the first character of the 
checksum field is a question mark ("?"), the 
checksum for that record will not be verified. This 
allows large object files produced by the assembler 
to be patched using the ISIS text editor without the 
necessity of manually recomputing the checksum 
value. 

[UPLOAD] 

Display Response — "UPL." 

Function — Upload memory through HSE-49 serial 
port. 

Output the contents of a range of addresses 
specified by the two parameters through the 
HSE-49 serial port in standard Intel hex file format. 
If used with Intellec® system, the operator first 
uses ISIS-II to transfer the TTY input to a disk file 
("COPY :TI: TO :Fn:file.HEX"), then invokes this 
command from the keypad. 

Data types allowed: 
[PROG MEM] 

Display Response — "Pr." 

Function — User program memory. 

Memory used to develop and execute user program. 
Addresses 000 through 7FF are the execution proc- 
essor's memory bank 0; 800 through FFF are 
memory bank 1. 

[REGISTER] 

Display Response — "rG." 



Internal RAM of execution processor. Locations 
0-7 are working register bank 0; 18-1 F are working 
register bank 1. Only the low-order 7 bits of an ad- 
dress are considered. 

[DATA MEM] 

Display Response — "dA." 

Function — External data memory (if installed). 

Memory accessed by execution processor "MOVX 
A,@Rr" or "MOVX @Rr,A" instructions. High-order 
4 bits may or may not be relevant, depending on 
jumpering option selected (explained in Section VII 
of this note). 

[HARD REG] 

Display Response — "Hr." 

Function — Hardware registers. 

The execution processor (EP) hardware registers 
(accumulator, timer/counter, etc.), as well as 
several parameters for controlling HSE-49 system 
status, are accessible through this catch-all 
memory space. Addresses are as follows: 

00 — EP accumulator. 

01 — EP PSW. 

Bits correspond to 8049 PSW except that bit 
3 (unused in the 8049) is used to monitor and 
alter the state of F1. Bits 2-0 correspond to 
the stack pointer value after the EP executes 
a CALL to the mini-monitor; i.e., one greater 
than when EP was running the user's pro- 
gram. 

02 — EP timer/counter. 

03 — EP internal RAM location 00. 

(This value is also accessible through 
[REGISTER] space.) 

04 — EP program counter (low byte). 

05 — EP program counter (high nibble). 

06-07 — HSE-49 serial interface baud rate param- 
eters. Defaults to 110 baud; other rates may 
be selected by loading the values listed in 
Table 1. 

08 — HSE-49 automatic sequencing rate 

parameter. Used in [GO][AUTO STP] and 
[GO][AUTO BRK] execution commands. 00 — 
fastest; FF — slowest. Defaults to 20H; ap- 
proximately two steps per second. 

09 — Monitor version/release number (packed 

BCD). 

0A-0F — Currently unused by the monitor program. 

10-7F — Variables used by master processor (MP) 
monitor. Should not be altered by operator. 

[PROG BRK] 

Display Response — "Pb." 
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with breakpoints enabled ([GO][W/ BRK] and 
[GO][AUTOBRK]). Break will occur if enabled byte is 
read as the first or last byte of a 2-byte instruction, 
or read in executing a MOVP, MOVP3, or JMPP in- 
struction. Memory is only 1 bit per location; 00 in- 
dicates continue, 01 causes a halt. Addresses 000 
through 7FF are the execution processor's memory 
bank 0; 800 through FFF are memory bank 1. 

[DATA BRK] 

Display Response — "db." 

Function — External data RAM breakpoint memory. 

Memory space used to indicate points where data 
accesses should halt when running in a mode with 
breakpoints enabled ([GO][W/ BRK] and 
[GO][AUTOBRK]). Memory is only 1 bit per location; 
00 indicates continue, 01 causes a halt. High-order 
4 bits of breakpoint address may or may not be rele- 
vant, dependent on jumpering option selected for 
the corresponding data RAM (explained in Section 
VII of this note). 

User Program Execution Control Group 

Commands: 
[GO] 

Display Response — "Go." 

Function — Begin execution. 

If a parameter is given as part of the command 
string, execution will begin at that address. Other- 
wise, the EP program counter (hardware registers 
04 and 05) will be used. These will contain the pro- 
gram counter from an earlier program execution 
break unless they have since been explicitly 
modified by the operator. 

If command is terminated by [END/.], the EP's F1, 
PSW and stack pointer will be cleared. If command 
string is terminated by [NEXT/,], PSW will be taken 
from the EP PSW contents (hardware register 01). 

While running the user's program, the characters 
"-run-." are written on the display. Execution may 
be halted and another command initiated by press- 
ing the appropriate command key. Execution may 
be suspended at any time in any mode by pressing 
the [END/.] key. This will cause the current value of 
the execution processor program counter and ac- 
cumulator to appear on the display in the form 
"PC.234-56". System status is saved in the 
appropriate hardware registers. At this point, or 
when an enabled breakpoint is encountered, press- 
ing the [NEXT/,] key will cause the program to con- 
tinue in the same mode as before. Any other com- 
mand may be invoked by pressing the appropriate 
command string. 

[GO/RESET] 

Display Response — "Gr." 
All mnemonics copyrighted©lntel Corporation 1976. 



usei s program irom location UU0H. No parameters 
are allowed. F0, F1, PSW, stack printer, memory 
bank flip-flop, etc., are cleared. 

Note that this command does not require the use of 
mini-monitors to initiate program execution. As the 
last phase of the program development cycle, the 
2114 program RAMs and address decoder may be 
removed and replaced by a ROM or EPROM part 
(not shown in schematics). This command may be 
used to start execution when the program RAM has 
been removed. No interrogation of EP status or in- 
ternal RAM may be done, nor are break or single- 
step modes allowed in this case, though the 2102A 
breakpoint RAM outputs may still be used to trigger 
a logic analyzer. 

Execution modes allowed: 
[NO BRK] 

Display Response — "nb." 

Function — Without breakpoints. 

Full-speed execution without breakpoints enabled. 
Does not affect the state of the breakpoint 
memories. 

[SING STP] 

Display Response — "SSt." 

Function — Single Step. 

Step through program one instruction at a time. 
After each instruction is executed, execution halts 
with the current value of the Execution Processor 
Program Counter and Accumulator appearing on 
the display in the form "PC.234-56". System status 
is saved in the appropriate Hardware Registers. At 
the point, [NEXT/,] will cause the program to ex- 
ecute one more instruction, or any other command 
may be invoked by pressing the appropriate com- 
mand string. Does not affect the state of the Break- 
point Memories. 

[W/ BRK] 

Display Response — "br." 

Function — With breakpoints. 

Full-speed execution with breakpoints enabled. 
When a breakpoint is encountered, execution halts 
with the current value of the execution processor 
program counter and accumulator appearing on the 
display in the form "PC.234-56". System status is 
saved in the appropriate hardware registers. At this 
point, [NEXT.,] will cause the program to continue 
until the next breakpoint is reached, or any other 
command may be invoked by pressing the ap- 
propriate command string. 

[AUTO STP] 

Display Response — "ASt." 

Function — Automatically sequence through a series 
of instructions. 
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Step through program one instruction at a time. 
After each instruction is executed, execution halts 
with the current value of the execution processor 
program counter and accumulator appearing on the 
display in the form "PC.234-56". System status is 
saved in the appropriate hardware registers. Execu- 
tion resumes after a time determined by contents 
of hardware register 08. Does not affect the state of 
the breakpoint memories. 

[AUTO BRK] 

Display Response — "Abr." 

Function — Automatically sequence between break- 
points. 

Execute a series of instructions in real time 
between breakpoints. When breakpoint is en- 
countered, halt EP temporarily while program 
counter and accumulator contents are displayed, 
then continue. Display is sustained after execution 
resumes. Does not affect the state of the break- 
point memories. 

Breakpoint Control Command Group 

Commands: 

n 

Display Response — "Stb." 

Function — Breakpoint set. 

Set breakpoint for the address given. Multiple 
breakpoints may be set by entering additional ad- 
dresses, separated by the [NEXT/,] key. Command 
terminated by pressing [END/.]. Action taken is to 
fill the appropriate breakpoint memory locations 
with logical ones. 

[C] 

Display Response — "CLb." 

Function — Clear breakpoint. 

Clear breakpoint for the address given. Multiple 
breakpoints may be cleared by entering additional 
addresses, separated by the [NEXT/,] key. Com- 
mand terminated by pressing [END/.]. Action taken 
is to fill the appropriate breakpoint memory loca- 
tions with logical zeroes. 

Data types allowed: 
[PROG MEM] 

Display Response — "Pr." 

Function — Break on program memory fetch. 

Applies command to the program breakpoint 
memory space. 

[DATA MEM] 

Display Response — "dA." 

Function — Break on data memory access. 

Applies command to the external data breakpoint 
memory space. 



System Control Command Group 

Command: 
[SYS RST] 

Display Response — "HSE-49." 

Function — System reset. 

Reset both the MP and EP and clear all breakpoints 
(requires approximately one second). CAUTION — 
If reset while EP is executing the user's program, 
the low order section of program memory (about 23 
bytes) will be altered. 



VI. SYSTEM LIMITATIONS 

In designing the HSE-49 emulator, certain compromises 
were made in an attempt to maximize the usefulness of 
the emulator while keeping the circuitry simple and in- 
expensive. As a result, the following limitations exist 
and must be taken into account when using the system. 

1. As explained in Section IV, user program execution 
is terminated (by single-stepping, breakpoints, press- 
ing the [END/.] key, etc.) by forcing the execution 
processor to execute a "CALL" instruction to the 
mini-monitor. This uses one level of the EP 
subroutine stack. The EP PSW reflects the value of 
the stack pointer after processing this CALL. As a 
result, the value indicated for stack depth by examin- 
ing the EP PSW (hardware register 01) is one greater 
than the depth when the break was initiated. The user 
program must not be using all eight levels of stack 
when a break is initiated or the bottom level will be 
destroyed. 

2. User program is initiated (by the [GO] command or 
when resuming execution after a breakpoint, single- 
stepping, etc.) by forcing the EP to execute an 
"RETR" instruction. This will clear the EP interrupt- 
in-progress flip-flop. If the user program allows both 
external and timer interrupts to be enabled at the 
same time, care must be taken to avoid causing a 
break while the EP is within an interrupt servicing 
routine. No limitation is placed on breakpoints or 
single-stepping in the background program because 
of this. 

3. When the user program execution is terminated (by a 
break, single-stepping, etc.) and later resumed, the 
EP timer/counter is restored to its value when the 
break occurred (unless modified by the user). The 
prescaler, however, will have changed. Thus, up to 31 
machine cycles may be "lost" or "gained" if a break 
occurs while the timer is running. 

4. Timer interrupts occurring at the same time as an EP 
break may be ignored if the timer overflow occurs 
after breaking user program execution before the 
timer value is saved. 

5. The 8049 "RET" and "RETR" instructions are each 
1-byte, 2-cycle instructions. During the second cycle 
the byte following the return instruction is fetched 
and ignored. If a program breakpoint is set for a loca- 
tion following a "RET" or "RETR" instruction, a break 
will be initiated when the return is executed. 
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6. Breakpoints should not be placed in the last 3 bytes 
of an EP memory bank (locations 7FDH-7FFH and 
OFFDH-OFFFH). User program should not be single- 
stepped or auto-stepped through these locations. 

7. Since I/O configuration is determined by external 
hardware rather than software, I/O modes may not be 
altered while a program is executing. (See Section VII 
for further details.) 

8. The "ANL BUS,#nn" and "ORL BUS,#nn" instruc- 
tions may not be used in the user program, as exter- 
nal hardware cannot properly restore these func- 
tions. 

9. The memory bank select flag is not affected by the 
user program break sequence. Upon resuming execu- 
tion with the [GO] command this flag will remain in 
the same state as before the preceding break. The 
flag may be cleared only by executing the 
[GO/RESET] or [SYS RST] commands. 

VII. HARDWARE CONFIGURATIONS 

A number of control and status lines are available to the 
user. All are low-power Schottky TTL-compatible 
signals. 

TP1 — Unused MP input. 

TP2 — Unused MP output. 

TP3 — User program suspended. Low when EP run- 
ning user code. High when halted or running mini- 
monitors. 

TP4 — Breakpoint encountered. Normally low. High- 
level pulse generated when breakpoint passed. Useful 
for triggering logic analyzers, oscilloscopes, etc. 

TP5 & TP6 — Memory matrix mode control. Select 
program vs. data RAM, link mapping configuration, 
etc. (See Appendix B for details.) 

TP7 — Bus control. Low when MP controls common 
memory buses. High when EP controls memory 
buses. 

The HSE-49 emulator hardware is designed to allow the 
user to reconfigure the system for a wide variety of dif- 
ferent applications by installing or removing jumper 
wires or additional components. The schematics in Ap- 
pendix A show the components needed for a variety of 
different configurations. In general, not all of the 
devices are required (or allowed) for any one configura- 
tion. The devices which are required are included in the 
following description. 

The types of options allowed are divided below into 
several general classes and subdivided into mutually- 
independent features. Within some of these features 
there are numbered, mutually exclusive configurations; 
i.e., the serial interface (if desired) may use either 



current-loop or RS-232C current buffers, but not both at 
one time. 

Standard Operating Configuration 

(Minimum system configurations — up to 4K program 
RAM; no data RAM; no serial interfaces; no execution 
processor I/O reconstruction.) 

A. Basic 2K monitor from Appendix B: 

Install resistors R4-R6 
Install transistor Q1 
Install crystals Y1-Y2 
Install capacitors C5-C38 
Install switches S1-S33 
Install displays DS1-DS8 
Install IC1-IC2 
Install RP3-RP5 
Install IC6-IC7 
Install RP8 
Install IC9 
Install IC15-IC20 
Install IC25-IC30 
Install IC34 
Install IC36-IC38 
Install A1-A2 
Install B1-B2 
Install C1-C3 
Install jumpers 13-15 
Install jumpers 17-18 
Install jumper 20 

B. Expansion 2K monitor: 

Install IC14 
Remove jumper 17 

Serial Interface Buffer Selection 

A. Current loop serial interfaces (4N46s) installed for 
use with full Intellec® Model 800 development 
system TTY port. 

Install IC21-IC22 
Install resistor R1-R3 
Install jumpers 4-9 
(Remove RS-232 jumpers) 

B. RS-232C serial interfaces (MC1488 and MC1489) in- 
stalled for use with CRT as output device for data 
dumps: 

Install IC23-IC24 
Install jumpers 1-3 
Install jumpers 10-11 
(Remove current-loop jumpers) 

External Data RAM Address Decoding Scheme for Ex- 
ecution Processor 

A. Up to 16 pages of on-board external data RAM in- 
stalled for execution processor (addresses through 
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OFFFH = 4K bytes); port 2 used tor addressing pages 
through 15: 

Install jumpers 21-25 
Install jumper 27 
Install A5-A8 
Install B5-B8 
Install C5-C8 

B. One page of on-board external data RAM installed 
for execution processor (addresses through OFFH); 
port 2 not used for data addressing: 

Install jumper 26 
Install jumper 28 
Install A5 
Install B5 
Install C5 

Connect the outputs of IC20, pins 7, 9, 10, & 11 to 
the inputs of a 74LS21 AND gate (not shown). Con- 
nect the output to CE and CS inputs of A5-C5. 
(Note: these signals are all present at jumpers 
21-24 on the schematics.) 



Reconstructing I/O for Execution Processor 



A. Application of port 2, pins P23-P20: 

(1) Using P23-P20 for latched output data (used with 
"OUTL P2,A", "ANL P2,#data", and "ORL 
P2,#data" instructions): 

Install IC31 



(2) Using P23-P20 for interfacing to an 8243 in user's 
prototype: 

Connect D3-D0 pins on IC31 socket to cor- 
responding Q3-Q0 pins. 



B. Application of execution processor BUS: 

(1) Use of BUS as latched output port ("OUTL 
BUS.A"): 

Install IC32 
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ASM43 HSE49 LNK PRINK: LP:) 



ISIS-H MCS-4C/UPI-41 HfiCRO ASSEMBLER, VI 8 PAGE 
VGE-Wm EMULATOR MONITOR VERSION 2. 5 

LOC OBJ LIKE SOURCE STATEMENT 



1 fMACROFILE NOGEN NOCOND XREF 

2 JTITLECHSE-45CTM) EMULATOR MONITOR VERSION 2.&0 

2 • 
4 

5 i 

6 ; program: hse-4s<tm> emulator monitor 

? ; VERS 2. 5/789 

3 i 

3 ! COPYRIGHT <C> 19"/9 

10 i INTEL CORPORATION 

11 i 2865 COWERS AVENUE 

12 i SANTP CLARA, CALIFORNlfi 35851 

12 ; 

14 j M»m t Mm»| i O I M(MWMMm » «IU«MmMM'l l « ll «M* >»» tH II H IIll II IH « H I 

15 i 

16 i ABSTRACT 

is i 

13 s 1HIS PROGRAM CONTAINS THE SOFTWARE NECESSARY 10 RUN THE HSE-43(TH) 

28 i HIGH-SPEED EMULATOR FOR INTEL'S MCS-^3(TM) FAMILY FAMILY OF MICROCOMPUTERS. 

21 i IKE EMULATOR PROVIDES AN ASSORTMENT Or UTILITY FUNCTIONS FOR 

22 i DEVELOPING AND DEBUGGING 884S- BASED APPLICATIONS, INCLUDING THE 
22 i ABILITY TO ENTER AND MODIFY PROGRAMS IN PROGRAM RAM, 

24 i (ITER DATA. SIUGLE-SIEP SECTIONS OF A PROGRAM, AND EXECU1E PROGRAMS 

25 i AT SPEEDS OF UP TO 11 MHZ. WITH OR WITHOUT BREAKPOINTS ENABLED. 

26 ; lit EMULATOR IS DESCRIBED IN GPEA1ER DEPTH IN INTEL'S APPLICATION NOTE 

27 ; RP-55, "A HIGH-SPEED EMULATOR FDR IN! EL HCS-48(TM> MICROCOMPUTERS. " 

28 • 

2? i PROGRAM ORGANIZATION 

21 l 

22 ; THIS LISTING IS ORGANIZED AS FOLLOWS: 

22 ; 

24 ; INTRODUCTION AND HARDWARE OVERVIEW; 

25 i 'VARIABLE DECLARATION AND DEFINITION; 

26 ; POWER- ON SYSTEM INITIALIZATION; 

27 ; KE'r'DOnRD COMMAND PARSER AND ASSOCIATED TABLES; 

28 : IMPLEMENTATIONS OF THE PRIMARY' COMMANDS, 

23 i DATA ACCESSING UTILITY SUBROUTINES USED THROUGHOUT; 
48 ; KEYBOARD SCANNING AND DISPLAY DRIVING SUBROUTINE; 

41 ; KEYBOARD AND DISPLAY INTERFACING UTILITIES; 

42 ; ROUTINES AND UTILITY SUBROUTINES WHICH INTERACT BETWEEN MP AND EP. 
42 i 

44 i 

45 mm 
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LOC QUI LINE SOURCE STATEMENT 

46 i 

47 ; IlimOOUCTnW AND HOROHftRE. OVERVIEW 

49 ; 

50 i '(HE CnULRIOR DESIGN USES TWO MICROPROCESSORS. ONE PROCESSOR C0N1ROLS 

51 i SVSTEH STATUS. INTERPRETS MONITOR COMMANDS, UNO COMMUNICATES 

52 i WITH TIC OUTSIDE WORLD THROUGH TIC ON-lfflflRD KEYBOARD, DISPLAY, SERIAL 

53 i INTERFACES, CONTROL SIGNALS, ETC. 

54 ; H SECOND. PROCESSOR IS USED TO ACTUALLV 

55 i EXECUTE THE USER'S PROGRAM UNDER THE CONTROL Of THE FIRST. 
5b i TICSE PROCESSORS ARE REFERRED TO 

57 i THROUGHOUT THIS PROGRAM AS THE MASTER PROCESSOR (MP) AND EXECUTION 

58 i PROCESSOR (EP) RESPECTIVELY. 

59 , 

60 ; THE PROGRAM IN THIS LISTING IS EXECUTED BY II IE MASTER PROCESSOR. 

61 i AT TIC END OF THIS LISTING ARE SLVERIl SHORT "MINI-MONITOR OVERLHYS" 

62 j WHICH THE EXECUTION PROCESSOR EXECUTES WHEN INTERACTION BETWEEN 1HL 
CI i 1W0 PROCESSORS IS NECESSARY 

64 i 

65 i THIS PROGRAM WAS WRITTEN USING A NUMBER Of MACROS TO HANDLE TIC ALLOCATION 

66 i OF MRU RESOURCES (WORKING REGISTERS, INTERNAL RAM, AND MP MONITOR ROM 

67 i FOR CODE AND DATA STORAGE) THESE MACRO DEF INI I IONS ARE INCLUDED IN A FILE 
60 i NAMED "ALLOC. MAC, " AND ARE PRINTED IN THIS LISTING FOR REFERENCE. 

69 ; ANOTHER SET OF MACROS IS USED TO SIMPLIFY TIC ACCESSING OF VARIABLES 

79 i STORED IN INTERNAL RAM (AS OPPOSED TO WORKING REGISTERS) BY USING Ri TO 

71 ; INDIRECTLY ADDRESS TIC APPROPRIATE RAM LOCATION WHEN NECESSARY. 

72 i TICSE MACROS ARE INCLUDED IN "MOPCOD. MAC", AND ARE ALSO PRINTED ICkt. 

73 i COMPLETE UNDERSTANDING OF TICSE MACROS IS NOT REQUIRED TO UNDERSTAND THE 

74 , MONITOR PROPER. ALL LINES WHICH ACTUALLY PRODUCE OBJECT CODE APPEAR IN 

75 ; THE LISTING ITSELF, INDENTED TWO SPACES FROM THE NORMAL TABULATION COLUMNS. 

76 I THE ACTUAL MONITOR PROGRAM FOR TIC EMULATOR BEGINS AT APPROXIMATELY 

77 ; SOURCE LINE NUMBER 508. 

78 I 

79 i LINES GENERATED BY MACRO EXPANSION ARE FLAGGED BY A PLUS SIGN ("+") 
88 i IMMEDIATELY FOLLOWING TIC SOURCE LINE NUMBER. 

81 i A NUMBER OF LINES FROM THE VARIOUS MACRO DEFINITIONS WHICH DO NOT 
02 ; I'PODI.ICE ANY OBJECT CODE ARE PROCESSED BY THE ASSEMBLER 

82 i AS TICSE MACROS ARE EXPANDED WHEN THIS IS THE CASE, THESE LINES ARE 

84 ; SUPPRESSED FROM TIE LIST FILE. AS A RESUL1, TIC LINE NUMBERS ARE 

85 i NOT ALWAYS CONSECUTIVE WHERE A MACRO IS BEING INVOKED. 

86 ; 

87 i NOTE: 

88 ; === 

89 i "SOURCE- LINE" REFERS TO THE DECIMAL NUMBERS LEFT OF EACH INSTRUCTION. 

90 ( AT THE END OF TIC LISTING IS AN ASSEMBLY CROSS-REFERENCE TABLE INDICATING 

91 i TIC SEQUENTIAL SOURCE-LINE NUMBER OF ALL INSTANCES WHERE ANY VARIABLE 

92 i IS DEFINED OR REFERENCED. THIS WILL BE OF GREAT ASSISTANCE IN 
S3 i LOCATING SPECIFIC SUBROUTINES, ETC IN THE LISTING. 

94 I 

95 i MNEMONICS COPi'RIGHT CO 1976 INTEL CORPORATION 

% i 

97 $EJECT 
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LOC OBJ LINE SOURCE STATEMENT 

98* INaUDE<:F8:RU.0C.HflC> 

8888 * 99 ?Rt SET 8 
= 188 ; 

8888 = 181 7RB8 ECU 8 

8881 = 182 7m EQU 1 

8882 = 182 'RUM EQU 2 
8882 = 184 7CQN5T EQU 3 

8884 = 185 ?R EQU 4 ,ftCCUMULftTOk VrTRIRBLL TVPE 
= 186 i 

- 187 ,TNE FOLLOWING INHIRLI2ES THE LINKED LIST POIN1ERS FOR 

= 188 .-THE REGISTER RLLOCRTION RND DERLLOCfiTION ROUTINES. 
= 189 i 

888? = 118 ?B8R2 SET 3 

8884 s 111 ?FJ8R3 SET 4 

8885 = 112 •'S8R4 SET 5 

8886 = 113 7ES8R5 SET 6 

8887 = 114 ?B8P6 SET 7 

8888 = 115 ?68R7 SET C 
= 116 . 

8882 = 117 Wm SET 2 
= 118 i 

8882 = 113 'fem. SET 2 

8884 = 128 ?B1R2 SET 4 

8885 = 121 ?B1R4 SET 5 

8886 = 122 ?C1R5 SET 6 

8887 = 123 ''BIRG SET 7 

8888 = 124 TWKt SET 8 
= 125 i 

8882 = 126 ?B1PNT SET 2 

= 127 i 

8888 = 128 8RGTC8 SET 888H 

8188 = 129 ORGPG1 SET 188H 

8288 = 128 0RGPG2 SET 288(1 

8288 = 121 0RGPG3 SET 288H 

8488 = 132 0RGPG4 SET 488H 

8588 = 123 0RGPG5 SET 588H 

8688 = 124 0RGPG6 SET 688H 

8788 = 125 0RGPC7 SET 788H 

« 136 ; 

= 127 *EJECT 
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= 148 , STRRT OF OIQCRTION MfiCROS 

= 141 i 
= 142 
= 142 i 

= 144 TRSftVE MfCRO SS1H30L, BflNK, PNTWL 

= 145 if mm. tS 8 

= 146 ERROR 2 

= 147 EXITH 

= 148 ENT-IF 

= 149 f- SRVE GEN 

= 150 SVMBOL SET RJFNTVft 

= 151 t RESTORE 

* 152 ttttfMctfwr set immmmm. 

= 153 ENDM 

» 154 i 
» 155 ; 

8826) = IK VMINDX SET 20H 

= 157 ; 

= 158 ?MSfiVE MflCRO SSTBOL, LENGTH, fiDDR 

= 159 $ SflVE GEN 

= 168 SVMBOL EQU HDDR 

= 161 t RESTORE 

= 162 7MINDX SET ?MINDX< LENGTH 

= 163 ENDM 

* 164 i 

= 165 MBLOCK MflCRO SVMBOL, LENGTH 

= 1C6 ?«SVMBOL EQU 3 

= 167 ?MSRVE 5STE0L, LENGTH, ;:?MINDX 

= 160 ENDM 

* 169 ; 

= 170 DECLARE MflCRO SVMBOL, TYPE 

= 171 ?«SVMD0L SET ?*TVPE 

= 172 IT 7STVPE EQ 2 

= 173 ''MS WE SVMBOL, 1, Z7MINDX 

= 174 EXITM 

= 175 ENDIF 

= 175 IF ?*TWE EQ 8 

= 177 7RSHVE SYMBOL 8, Z7B8PN1 

= 178 EXITM 

= 179 ENDIF 

= 188 IF ?*TYPL EQ 1 

= 181 7RSRVE SVMBOL i,!i?GlPNT 

= 182 EXITM 

= 183 ENDIF 

= 184 ENDM 

= 105 ■ 

= 186 t EJECT 
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IOC OBJ 



LINE SOURCE STATEMENT 



= 137 > 

= ICC ; REORG MACRO TO RESET THE INSTRUCTION LOCATION COUNTER 

= ICS ; TO THE FIRST TREE LOCATION ON TIC FIRST PAGE MODULE WILL 

= 198 > FIT M1HIN. 

= 191 REORG MACtfO LOCATION 

= 192 tSflVE gen 

= 193 ORG LOCATION 

= 194 iRESTORE 
= 195 ENDM 

= 196 i 

= 1S7 ; CODEBLK MACRO TO FIND PAGE OF ROM 

= 198 i WHICH THIS BLOCK OF CODE HILL FIT WITHIN 

= 199 CODEBLK MACRO LENGTH 

= 290 -"'LENGTH SET LENGTH 

= 201 IF HIGH(ORGPG0+LENGTH--1> EC 9 

» 282 REORG XORGPG0 

= 203 TSTWT SET t 

= 204 EXITM 

= 205 ENDIF 

= 206 IF r 1 1 GH < OPGPGl< LLNGT1l-i> tQ 1 
= 207 REORG XORGPGl 

= 20C 'SI ART SLT t 
= 209 EX1TM 
= 210 ENDIF 

= 211 IF HIGKCORGPG2+LENGTH-1) EQ 2 
= 212 REORG MRGPG2 

= 213 7STAPT SET t 
= 214 EXITM 
= 215 ENDIF 

= 216 IF HIGH(0RGPG44LENGTH-1) CQ 4 
= 217 REORG X0PGPG4 

= 21C 9 STRRT SET t 
= 219 EXITM 
= 220 ENDIF 

= 221 IF HIGH(0RGPG5< LENGTH-1 ) EQ 5 
= 222 REORG Z0RGPG5 

= 223 'START SET $ 
= 224 EXITM 
= 225 ENDIF 

= 226 IF HIGH<0RGPG6+LENGTH-1> EQ 6 
= 227 REORG X0RGFG6 

= 228 7STRRT SET t 
= 229 EXITN 
= 236 ENDIF 

= 231 IF HIGH(0RGPG7-t LENGTH-1) EQ 7 
= 232 REORG XORGPG7 

= 233 ?STAR1 SET t 
= 234 EXITM 
= 23b ENDII 

= 236 IF H I GH ( 0RGPG3+LENGTH- 1 ) EQ 3 
= 237 RtORG X0RGPG3 

= 238 7START SET t 
= 239 EXITM 
= 240 ENDIF 

= 241 ERROR 8 ;*** INSUFFICIENT SPACE FOR CODE ON ANY PAGE *** 



All mnemonics copyrighted © Intel Corporation 1976. 



5-21 



LOC OBJ 



LINE 



SOURCE STATEMENT 



= 242 
= 243 
= 244 
= 245 
= 246 
= 247 
= 248 
= 243 
= 258 
= 251 
= 252 
= 253 
= 254 
= 255 
= 256 
= 25? 
= 25G 
= 253 
= 2S« 
= 261 
= 262 
= 263 
• 264 
= 265 
= 266 
= 26? 
= 268 
= 263 
= 278 
= 271 
= 272 
= 273 
= 274 
= 2?5 
= 276 
= 27? 
= 278 
= 279 
= 288 
= 281 
= 282 
= 283 
= 284 
= 285 
= 286 



LNWt 

i DRTABLK INSERTS ONTO PAGE 3 

DATABLK MACRO LENGTH 

?LENGTH SET LENGTH 

IF HIGHC ORGPG3+ LENGTH- 1 ) EQ 3 

REORG 
'START SET t 
EM Til 
CND1F 



ERROR 8 >*** INSUFFICIENT SPACE FOR DflTR BLOCK ON PfiGE 3 
ENDM 

;?SIZE PRINTS H LI* TO THE SOURCE FILE GIVING BLOCK SIZE, 
i AND UPDATES RPPROPRIflTE ORGTG* 

?SI2E MACRO BUGPGE 
tSRVE GEN 
SIZE SET BLK 



IF LENGTH LT SIZE 

ERROR 8 ;*** SIZE EXCEEDS SPHCE CUCKED FOR BV CODEBLK MflCRO 

ENOIF 

IF HlGHtt-1) NC HIGH<?START> 

ERROR 8 ;*** CODE OR DflTfl BLOCK ROLLED OVER PAGE BOUNDARY *** 

ENDIF 
IRESTORE 
0RGPG4RGE 

ENDM 

i SIZECHK 
SIZEOK MflCRO 

'-SIZE 

ENDI1 



RSOURCE 

RSOURCE MflCRO 

*SAVE LIST GEN 

PGSIZE SET 
PGSIZE SET 
PGSIZE SET 
PGSIZE SET 
PGSIZE SET 
PGSIZE SET 
PGSIZE SET 
PGSIZE SET 

JEJECT 
$RESTORE 



SET $ 

CHECKS SIZE OF PRECEDING BLOCK, PRINTS SIZE TO . LSI FILL 
X(*-?STRRT),?JIIGH('SlflRT) 

CODE SPflCE ALLOCATION SUMMARY STATEMENT 



0RGHG8-888H 
0RGPG1-1B8H 
0RGPG2-288H 
0RGPG3-388H 
0RGPG4 488H 
0RGPG5-588H 
0RGPG6-688H 
0RGPG7-788H 



• BYTES USED 
BVTES USED 
BYTES USED 
BVTES USED 
BVTES USED 
BVTES USED 
BVTES USED 

; BVTES USD 



ON PfiGE 8 
ON PfiGE 1 
ON PAGE 2 
ON PfiGE 3 
ON PfiGE 4 
ON PAGE 5 
ON PAGE 6 
ON PAGE 7 



= 288 

= 289 tfcJECT 



ENDM 
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LOC ODJ LINE SOURCE STATEMENT 



291 $ INCLUDE(:F0:IWCOD.mC) 
= 232 i 

= 292 ;?F<Wli MACRO FOR GENERALIZING OPCODE INSTRUCTION 

= 294 j 

= 295 7F0RM1 MACRO OPCODE, SRC 

= 296 IF ?«SRC EQ 2 

= 297 $ SAVE GEN 

= 298 MOV R1,#SRC 

= 29S OPCODE <\,m 

= 390 $ RESTORE 

= 301 EXITH 

= 302 ENDIF 

= 303 IF ?«SRC EQ OR ?t5RC EQ 1 

= 304 t SflVE GEN 

= 305 OPCODE A, SRC 

= 386 * RESTORE 

= 387 EXITM 

= 308 ENDIF 

= 309 IF ?*SRC EQ 3 

= 310 * SflVE GEN 

= 311 OPCODE A,#SRC 

= 312 * RESTORE 

= 313 EXI1N 

= 314 ENDIF 

= 315 ERROR 1 
= 316 ENDft 

= 317 i 

= 318 ;?F0RM2 MACRO FOR GENERALIZING MOVES FROM THE FCC 10 A VARIABLE 

= 319 7F0RM2 HfCRO DES1 

= 320 IF ?*DEST EQ 2 

= 321 $ SAVE GEN 

= 322 MOV R1,#DEST 

= 323 MOV §R1,A 

= 324 $ RESTORE 

= 325 EX1TM 

= 326 ENDIF 

= 327 IF ?«DEST EQ OR ?«DEST EQ 1 

= 328 t SAVE GEN 

= 32S MOV DESl.fi 

= 330 $ RESTORE 

= 331 EXITM 

= 332 ENDIF 

= 333 ERROR 1 
= 334 ENDM 

= 335 i 

= 336 ;?F0RM3 MACRO FOR GENERALIZING MOVES FROM TIE ACC TO A VARIABLE 

= 337 ; WHEN IT IS KNOWN THAT Rl (IF NEEDED FOR INDIRECT ADDRESSING) 

= 338 i IS ALREADY PRESET. 

= 333 7F0RM3 MACRO DEST 

= 340 ir ?*DEST EQ 2 

= 341 * SAVE GEN 

= 342 MOV «d,R 

= 343 * RESTORE 

= 344 EXIIM 



All mnemonics copyrighted © Intel Corporation 1976. 

5-23 



346 IF 7ADEST EQ 8 OR ?«DEST tQ 1 

347 * SAVE GEN 

348 MOV DEST, A 

349 t RESTORE 
358 EXI1M 

351 ENDir 

352 ERROR 1 

353 ENDM 

354 ; 

355 ;?F0RM4 HftCRO TOR GENERALIZING 'MOV H.SRC' INSTRUCTION 

356 7F0RM4 MRCRO SRC 
35? IF ?*SRC EQ 2 

358 t SAVE GEN 

359 MOV Rl, #SRC 
: 368 MOV fl, mi 

: 361 * RESTORE 

: 362 EXITM 

■ 363 ENDir 

■■ 364 IF ?«SRC E6 8 OR ?*SRC EQ 1 

■■ 365 I SflVE GEN 

366 MOV aSRC 

| 367 $ RESTORE 

> 368 EXITM 

> 369 ENDIF 

' 378 IF ?«SRC EQ 3 

■ 371 * SflVE GEN 

372 MOV A, #SRC 

■ 373 * RESTORE 
i 374 EXITM 

| 375 ENDII 

i 376 ERROR 1 
i 377 ENDM 

| 378 > 

■ 379 ; 7FORM5 MftCRO FOR GENERALIZING MOVING fl CONSTAT INTO fl VRRIRBLE 
' 388 ?FORM5 MRCRO DEST, CONST 

i 381 IF ?*DEST EC OR ?*DEST EQ 1 OR 74DEST EQ 4 

■■ 302 * SflVL GEN 

: 383 MOV DEST,#CONST 

' 384 * RESTORE 

■■ 385 EXITM 

386 END IF 

387 IF ?«DEST EQ 2 

388 t SRVE GEN 

389 MOV Rl, IDEST 
398 MOV 9kl,«C0NST 

391 t RESTORE 

392 EXITM 

393 ENDIF 

394 ERROR 1 

395 ENDM 

336 ; 

397 ;HMOV MflCRO GENERALIZED MOVE FROM SRC TO DEST 

398 W10V MflCRO DEST, SRC 

399 IF ?*SRC EQ 3 
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LOC OBJ 



LINE SOURCE STATEMENT 



= 490 


?F0RM5 


BEST, SRC 


= 401 


EXlffl 




= 402 ENDIF 






= 403 IF 


-'■5DEST E8 4 


= 404 


worn. 


NOV, SRC 


= 405 


EXITM 




= 406 END IF 






= 407 IF 


?sm EQ 4 


= 40S 


?F0RH2 


DEST 


= 409 


EXITM 




= 410 END IF 






= 411 


T0RM1 


NOV, SRC 


= 412 


'•'F0RM2 


BEST 


= 413 ENDM 






= 414 , "BINOP MACRO 


GENERALIZES ARITHMETIC AND LOGICAL 


= 415 mm 


MACRO 


OPCODE, DEST, SRC 


= 416 IF 


?*DEST Efl 4 


= 417 


9FORW1 


OPCODE, SRC 


= 410 


EXITM 




« 419 END IF 






= 420 IF 


>*SRC EQ 4 


- 421 


'-F0RM1 


OPCODE, DEST 


= 422 


?T-OkM3 


DEST 


= 422 


EXITM 




« 424 ENDIF 






= 425 


TORM1 


NOV, SRC 


= 426 


"'FORMl 


OPCODE, DEST 


= 427 


TORMi 


DEST 


= 428 ENDM 






= 429 ;NADD 


MACRO 


(OR GENERALIZING ADD INSTRUCTION 


= 430 MADD 


MACRO 


DEST, SRC 


= 431 


■'BINOP 


HDD, DEST, SRC 


= 432 


ENDM 




= 433 « 






= 434 ; MRDOC 


MfiCRO 


FOR GENERALIZING HDOC INSTRUCTION 


= 435 MADDC 


MACRO 


DEST, SRC 


= 436 


'■BINOP 


ADDC, DEST, SRC 


= 437 


ENDM 




= 430 ; 






= 439 i MANL 


MACRO 


FOR GENERALIZING ANL INSTRUCTION 


= 440 MANL 


MACRO 


DEST, SRC 


= 441 


''BINOP 


ANL, DEST, SRC 


= 442 


ENDM 




= 443 ; 






= 444 ; MORL 


MACRO 


FOR GENERALIZING ORL INSTRUCTION 


= 445 PtORL 


MACRO 


DEST, SRC 


= 446 


'BINOP 


ORL, DEST, SRC 


= 447 


ENDM 




= 448 , 






= 449 i MXPL 


MACRO 


FOR GENERALIZING XRL INSTRIXTION 


= 450 NXRL 


MACRO 


DEST, SRC 


= 451 


'"BINOP 


XRL DEST, SRC 


= 452 


ENDM 




= 453 i 






= 454 i MXCFi 


MACRO 


(OR GENERALIZING XCH INSTRUCTION 
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LOC OGJ 



LINE 



SOURCE STRTEMEN1 



= 455 I1XCH MfiCRO DEST, SRC 

= 456 7B1N0P XCH, DEST, SRC 

= 45? ENDM 
= 455 , 

= 459 ?UNflRV MRCRO OPCODE, DEST 

= 468 ?FGRM1 MOV, DEST 
= 461 tSRVE GEN 

= 462 OPCODE fl 

s 463 RESTORE 

= 464 ?F0RM3 DEST 

= 465 ENDM 

= 466 > 

= 467 MINC MRCRO DEST 

= 468 TUNflRV INC, DEST 

= 463 ENDM 
= 478 i 

= 471 MDEC MfiCRO DEST 

= 472 ?UNflRV DEC, DEST 

= 473 ENDM 
= 474 ; 

= 475 MDJNZ MfiCRO DESLRDDR 

= 476 ?UNfiRV DEC, DEST 

= 477 tSRVE GEN 

= 478 JNZ RDDR 

= 473 JRESTORE 

= 488 ENDM 

= 481 i 

= 482 MRL MHCRO DEST 

= 483 ?UNfiRV RL,DEST 

= 484 ENDM 
= 485 i 

= 486 MRR MRCRO DEST 

= 487 'UNfiRV RR, DEST 

= 488 ENDM 
= 489 , 

= 498 MPRC MfiCRO DEST 

= 431 TUNflRV RRC, DES I 

= 492 ENDM 

= 433 i 

= 434 NRLC MfiCRO DEST 

= 495 ?UNfiRV RLCDEST 

= 436 ENDM 

= 49? i 

= 498 $EJECT 
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LOC OBJ LINE SOURCE STRTEHENT 

439 ) 

500 j " == ~—" == " = — == ^ = — = " = " == ==r "" == " - = - = = =====,=== " — 

b0i > =="========="============== , ===-==== =^== = = = = 

592 i BEGINNING Of PROGRAM PROPER 

502 j == ==«r-T^-r r^r = = T = 

504 ; ===^====^===^^^======^==================== 

585 i 

586 i 

588 i 





509 i 


ALLOCATION OT MP I/O PORTS: 




518 i 

St 1 ***** J 










Jit • 










SI TE ; 


BUS 


j USED FOR BIDIRECTIONAL ADDRESS RND DHTR 1RANSFERS 






PI 


iUSED RS INDIVIDUAL CONTROL OUTPUTS RND BREAK LOGIC 




SIS - 


P2 


; HIGH-ORDER ADDRESS AND ADDRESS SPACE SELECTION 




JJ.D .■ 








OTOC 


M7 pfVlfiTT 


EQU 


P7 i USED TO ENABLE CHARACTERS AND STROBE ROWS OF KEYBOARD 




mo pccrur 


EQU 


P6 ; USED 10 TURN ON HI SEGMENTS OF CURRENTLY ENABLED DIGIT 




S1Q P<Tfll n 

JIj i >LULU 


LOU 


P5 iPORT TOR LOWER FOUR SEGMENTS 




PTMPU1 


EQU 


P4 ;P0RT USED TO SCRN TOR KEV CLOSURES 




Jci 






























Jet .• 


INDIVIDUAL PINS OF PORT 1 USED AS FOLLOWS: 




JfcJ -■ 

S?fi ±****1 










527 i 










528 LNBRRW 


EQU 


TOOT3CTMJ1CJ 


P18 - HI ENABLES BREAK ON BREfiK RRM OUTPUT SIGNAL 


8882 


529 ENBLNK 


EQU 


800f}0010t; 


Pll - HI ENABLES BREAK ON RD OR WR TO LINK BY EP 




528 






(NOTE: Pll * P18 BOTH HI ENABLES 




531 






BREAK ON ANY EP INSTRUCTION CYCLE) 


8884 


522 EPSSTP 


EQU 


'."JTO1TO 


P12 - LO FORCES EP SS INPUT LOW, 




533 






HI GATES BREAKPOINT FLIP-FLOP TO EP SS INPUT. 




524 CLRBFF 


EQU 


o00yi0y0C 


P13 - LO CLEARS BREAK FLIP-FLOP 




535 






AND ENABLES WR CONTROL TO BREAKPOINT RAM. 


8818 


536 EPRSET 


EQU 


08818888B 


P14 - HI RESETS EP 


8828 


527 MODOUT 


EQU 


eei88880B 


P15 - LO WHEN EP IS EXECUTING USER PROGRAM, 




538 






HI WHEN EP FROZEN OR RUNNING OVERLAYS. 


0040 


539 1TV0UT 


EQU 


010000^86 


PIC - SERIAL OUTPUT TO TTV OR CRT 




548 






P17 ■ UNUSED 




541 ; 










542 REJECT 
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0010 

0020 

0040 



544 ; 






545 ; 


INDIVIDUAL FINS OF PORT 2 USED OS FOLLOWS 


c Af. ■ 

^rrv r 






548 i 






S4<i ■ 




;ADR11-f!Tftfl FOR ROTTING PkflGPAM OR DATA RftH ARRflV 


J-JO t 






SSI Mfl 




; P?4 •* HFMTlPV MflTRIX CflNTROL P!N 


SS2 Ml 

jot m 


EQU 801080096 


;P25 - MEMORY MATRIX CONTROL PIN 1 


ssi MPticri 

■j-j-J lTrU-)t.L 




■ pyc _ uTnu yi|r|J hp im vnt\on_ Of COMMON MEM ARRAY, 

; r to inun wric.il nr in twif ikul ui i^vinim* tn_ti in\i\iiw 


554 




i LOW WHEN EP IN CONTROL. 


sss rvrwriw 
30g lap nun 


EQU 10000000B 


;P27 -■ JUMPERED TO GROIJND FOR STANDARD MONITOR, 


556 
55? ; 




; FLOATING WHEN EXPANSION MONITOR PRESENT 


558 , 

551/ ,WHEN HP IN CONTROL OT MEHOI 


W HRTRIX H1-M8 USED AS FOLLOWS: 


560 i 






561 i HI H0 MODE 




562 i 


8 1 PROGRAM RAM ARRAY ENABLED FOR READ * WRITE 


563 ! 


1 DAI A RAM HRRAV ENABLED TOR READ * WRITE 


564 i 


1 X LINK REGISTER ENABLED FOR READ, RAH ARRAS'S DISABLED. 


565 i 


(NOTE: LINK REGISTER ALWflVS ENABLED FOR MP WRITES) 


566 i 






567 j WHEN EP IN CONTROL OF MATRIX M1-M8 USED AS FOLLOWS: 


568 ; 






569 i 


Ml M8 MODE 




579 . 


8 X EP PSkN FETCHES FROM LINK REGISTER (USED 10 FORCE OPCODES) 


571 ; 


1 8 EP PSEN FETCHES TROM PROGRAM RAM ARRAY/ 


572 ; 


EP RD £ MR CONTROL DATA RAM ARRAS'. 


573 i 


i 1 EP PSEN FETCHES FROM PROGRAH RAH ARRAY, 


574 ; 


RD £ WR CONTROL LINK REGISTER. 


575 i 






576 *EJECT 
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LOC OBJ 



LINE SOURCE STATEMENT 



OCtOO 



\H\rxA 
WW 



WW! 



8017 



0001 

ff-W 



577 f 
579 ; 

588 ; SYSTEM CONSTRNT DEFINITIONS: 

581 i 

583 ; 

584 DECLARE CHARNO. CONST i NUMBER OF DIGITS IN DISPLflV HND ROWS OF KEVS 

598 CHARNO EfcfU 8 

599 i 

680 DECLARE NCOLS, CONST 

614 NCaS EQU 

615 i 

616 DECLARE DEBNCE. CONST 
638 DEBNCE E8U 

631 ! 

632 DECLARE OVSIZE.. CONST 

646 OVSIZE EQU 

647 ; 

648 DECLARE BUTLEN, CONST 

662 BUFLEN EQU 

663 ; 

665 i 

666 i UTILITV CONSTANT DECLARATIONS 

6C7 i 

668 i 

669 ; 

678 DECLARE 20»i CONST 
684 ZERO ECU 8 
68b DECLARE PLU51, CONST 
699 PLUS1 EQU 1 
788 DECLARE PLUS3, CONST 

714 PLUS3 LOU 3 

715 DECLARE NEGi, CONST 
729 NEG1 EQU -1 
739 .• 

731 tEJECT 



; LESSER DIMENSION OF KEVBORRD MATRIX 



; NUMBER OF SUCESSIVE SCANS BEFORE KtV CLOSURE ACCEPTED 



iSIZL OF LARGEST MINI-MONITOR OVERLAV FOR EP 

23 

LENGTH OF HEX FORMAT XMIT BUTTER (MAX RECORD LENGTH) 
16 
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LOC OBJ 



LINE 



SOURCE STATEMENT 



0003 

8885 

000? 



0003 

8005 



******* 



***** 



BANK 8 REGISTER ALLOCATION: 



732 

733 
734 

735 

m 

737 
738 

739 DECLARE LDATA.. RB8 ; Dfllfl USED BV LOGICRL ADDRESSING REflD/HRITE UTILITIES 
752* LDRTR SET R2 

HOLDS KLVCODE RETURNED FROM KBD INPUT ROUTINE. 



COUN1ER USED RS RN INDEX IN PRRSER ROUTINE 



756 DECLARE KEY,RB0 
763+ KEY SET R2 

773 DECLARE ITHP,RB0 
786+ HHP SET R4 

798 DECLARE CHKSUM.RB9 , CHECKSUM OT DATA BVTES TRANSMITTED IN HEX FILE FORMAT 
383+ CHKSUtl SET R5 

S87 DECLARE DSPTKKRG8 ; TEMPORARY STORAGE FOR DISPLAY PATTERNS IN 'DSPflCC' 
828+ DSPTMP SET R6 

824 DECLARE XPCODLRB0 ; EXPANSION MONITOR ROUTINE CODE NUMBER 
837+ XPCODE SET R7 

841 i 

842 H 

843 ; 

844 , 

845 i 

846 it 

847 i 

848 DECLARE ROTPAT, RE1 ;USED TO HOLD INPUT PATTERN BEING ROTATED THROUGH CV 
ROTPAT SET R2 

; COUNTS NUMBER OF BITS ROTATED THROUGH CV 



BANK 1 REGISTER ALLOCATION 



865+ 

869 DECLARE ROTCNT, RBI 



886+ 



ROTCNT SET R3 



898 DECLRRE LftSTKV, RBI 



; HOLDS KEY POSITION OF LAST KEY DEPRESSION DETECTED 



997+ 



LASTKY SET R4 



911 DECLARC CURDIG.RB1 ; HOLDS POSITION OF NEXT CHARACTER TO BE DI SHAVED 
928+ CURDIG SET R5 

932 DECLRRE KEYTLG, RBI ; FLAG TO DETECT WHEN ALL KEYS ARE RELEASED 



949+ 
353 
354 i 

955 i 

956 tEJECT 



KEYFLG SET R6 



i (REGISTER 7 NOT USED FOR PRIMARY MONITOR) 
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LOC OBJ 



LINE SOURCE STATEMENT 



357 > 

558 ; iiiii i M l ill l irinMWMHH* 
959 > 

m ; DATA RRM ALLOCATION 

961 ; 

962 ;IIII M IIIIIII MIIU« I U II H 

963 i 



364 DECLARE EFACCRPJ1 f STORAGE IN MT FOR EP ACCUMULATOR 
0828 963+ EPACC EQU 32 

373 DECLARE EPPSW.RAM ; STORAGE IN MP TOR EP PROGRAM STATUS WORD 
8021 970+ EPPSH EQU 33 

382 DECLARE EFT I MR, RAM ; STORAGE IN MP FOR EP TIMER/COUNTER REGISTER 

8822 907+ EPT1MR EQU 34 

391 DECLARE EPR8, RRM i STORAGE IN MP FOR EP REGISTER 8 OF BANK 8 

8823 996+ EPR8 EQU 35 

1008 DECLARE EPPCLO, RAM ; STORAGE IN MP FOR LOW DSTC OF EP PROGRAM COUNTER 

8824 1805+ ErPCLO EQU 36 

1009 DECLARE EPPCHI, RAM ; STORAGE IN MF' FOR HIGH NIBBLE OF EP PROGRAM COUNTER 
8025 1014+ EPPCHI EOU 37 

1818 DECLARE HBITLO.- RAM i PARAMETER 1 FOR SERIAL LINK DATA RATE GENERATOR 

8826 1823+ HBITLO EQU 38 

1827 DECLARE HBITHI, RAM ; PARAMETER 2 FOR SERIRL LINK DATA RATE GENERATOR 

8827 1832+ HBITHI EQU 33 

1836 DECLARE D5FTIN, RAM ; PARAMETER FOR: AUTO-STEP AND AUTO-BREAK SEQUENCING RATE 

8828 1041+ DSPTIM EQU 48 

1045 DECLARE VERSNO, RAM ; MONITOR VERSION NUMBER 
0029 1850+ VEPSNO EQU 41 

1854 DECLARE HREGA,RRM ; (UNUSED) 
002A 1053+ HREGA EQU 42 

1863 DECLARE I REGG, RAM 
882B 1860+ HREGE EQU 43 

1872 DECLARE RREGCRAM 
882C 1877+ HREGC EQU 44 

1881 DECLARE KREGD,RAM 
002D 1086+ HREGD ECU 45 

1098 DECLARE HREGE, RAM 
882E 18S5< HREGE EQU 46 

1893 DECLARE HREGF, RRM 
8021- 1104+ HREGF EQU 47 

1108 DECLARE SMRLQ, RAM 
8838 1113+ SMALO EQU 48 

1117 DECLARE SMAHI, RAM ; PRIMARY COMMAND STARTING MEMORY ADDRESS (HIGH BYTE) 

8831 1122+ SMAHI EQU 43 
1126 DECLARE EMRLO, RAM ) PRIMARY COMMAND ENDING MEMORY ADDRESS (LOW BYTE) 

8832 1131+ LMRLO EQU 58 
1135 DECLARE EMAH1, RAM ; PRIMARY COMMAND ENDING MEMORY' ADDRESS (HIGH BYTE) 

0833 1148+ EMAHI EQU 51 
1144 DECLARE MEMLO, RAM ; THIRD PARSER PARAMETER & HEX RECORD ADDRESS (LOW) 

0834 1143+ MEMLO EQU 52 
1153 DECLARE MEMHLRAH ; THIRD PARSER PARAMETER « HEX RECORD ADDRESS (HIGH) 

8835 1158+ MEMHI EQU 53 

1162 DECLARE BCODE, RAM ; PRIMARY COMMAND NUMBER FROM PARSER TABLES (8-8) 
883G 1167+ BCODE EQU 54 

1171 DECLARE TYPE, RAM PRIMARY COMMAND MODIHER/OPTION (0-5) 

0837 1176+ TS'PE EQU 55 



(UNUSED) 
(UNUSED) 
(UNUSED) 
(UNUSED) 
(UNUSED) 

PRIMARY COMMAND STARTING MEMORY ADDRESS (LOW BYTE) 
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, inula r uiMtLK i&to IN StHKUIING PfKSER TABLES 



9039 


11941 


OPTION ECU 57 




1198 DECLARE NEXTPLRAM i CHARACTER POSITION FOR DISFLAY UTILI1IES TO WRITE NEXT 


803A 


12B3* 


NEXTPL ECU 58 




128? DECLARE KBDBUF.. RAM ; POSITION OF KEY DEBOUNCED BV SCANNING SUBROUTINt 


003B 


1212+ 


KBDBUr EQU 59 




1216 DECLP.RE KEYLOCRAM ; INCREMENTED AS SUCCESSIVE KEY LOCATIONS SCANNED 


883C 


1221+ 


KEYLOC EQU 60 




1225 DECLARE WCEPTS, RAM ; KEEPS TRACK OT SUCCESSIVE READS OF SAME KES'STROKE 


003D 


1230+ 


NREPTS LQU 61 




1234 DECLARE ASAVLRRM i HOLDS ACCUMULATOR VALUE DURING SERVICE ROUTINE 


883E 


1239+ 


ASAVE EQU 62 




1243 DECLARE RDELAY,Rf!M ; COUNTER DECREMENTED WHEN OUTO-STEP DELAY IN PROGRESS 


883F 


1248^ 


RDELAY EQU 63 




1252 DECLARE STRTMP, RAM i INDEX POINTER FOR DISPLAY CHARACTER STRING ACCESSING 




1257+ 


5TRTMP EQU 64 




1261 DECLARE BUF'CNl , RAM ; COUNT Of DATA BYTES IN HEX FORMAT RECORD BUFFER 


0041 


1266+ 


GUrCNT EQU 65 




1278 DECLARE RECTVP, RAM s TYPE OF HEX FORMAT RECORD (8 OR 1) 


8842 


1275+ 


RECTVP EQU 66 




1279 DECLARE B,RAM ; BIT COUNTER FOR ASCII SERIAL I/O UTILITY SUBROUTINES 


8843 


1284+ 


B EQU 67 




1288 DECLARE REGC. RAM ; CHARACTER BEING SHIFTED DURING SERIAL 1/0 PROCESS 


8844 


1293+ 


REGC EQU 68 




129? DECLARE H, RAM ; COUNTER IN SOFTWARE DELAY DATA RATE GENERATOR 


8845 


1382+ 


H EQU 69 




1386 ; 






1387 MBLOCK 


SEGMAP, OlfiRNO ; REGISTER ARRAY FOR DISPLAY PATTERNS 


8846 


1311+ 


SEGMAP EQU 70 




1314 ; 






1315 MBLOCK 


OVGUT,OVSIZE i LOW- ORDER USER PROGRAM DURING MINI-MONITOR OVERLAYS 


884E 


1319+ 


OVBUF LQU 73 




1322 ; 






1323 MBLOCK 


HEXBUF, BUFLEN ; ALLOCATE BLOCK OF RAM TOR USE AS HEX RECORD BUFFER 


8865 


1327+ 


HEXBUF EQU 101 




1338 i 






1331 *EJECT 
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LOC OBJ 



LINE 



SOURCE STRTEMCNT 



1222 
1337+ 
1341 ; 
1242 i 
1242 i 

1244 « 

1245 i 



DflTOGLK 40 
ORG 768 

INVTIS TflSLE OF CONSTANTS 10 BE LOflDCD INTO MP INTERNAL RAM VfKIHBLLS 
RS PART OF SVSTEM INITIRLIZRTION PROCEDURE: 



INITIRL VALUE VRRIOSLE 



TYPE 



0280 00 


1246 INVF1S: 


OB 


08H 


ROTPAT 


k'Bl 


0201 00 


1247 


DB 


00H 


ROTCNT 


RBI 


0282 80 


1248 


DB 


00H 


LFSTKY 


RBI 


8202 08 


1249 


DB 


CliflRNO 


CURD1G 


RBI 


8204 80 


1250 


DB 


0011 


KEYFLG 


RBI 


8285 88 


1251 


DB 


88H 


<REG7> 


RBI 


8386 80 


1252 


DB 


88H 


EPRCC 


RRM 


0287 01 


1253 


De 


01K 


LPPSH 


RAM 


0288 00 


1254 


DB 


88H 


EPTIMR 


RRM 


8289 88 


1255 


DB 


8811 


EPR8 


RnM 


820R 80 


1256 


DB 


m\ 


EF'PCLO 


RRM 


038B 08 


1257 


DB 




EPPCIII 


RRM 


828C 92 


1358 


DB 


93H 


UBITLO 


ROM 


028D 84 


1359 


DB 


0411 


H6ITHI 


RRM 


028E 28 


1368 


DB 


28H 


DSPTIM 


RRM 


828F 25 


1361 


DB 


25H 


VERSNO 


RflM 


8218 80 


1362 


DB 


08H 


HREGA 


RRM 


0211 00 


1363 


DB 


eeti 


I1REGB 


RRM 


8212 88 


1364 


DC 


80)1 


HREGC 


RRM 


8212 88 


1365 


DB 


m 


HREGD 


RRM 


8214 88 


1366 


DB 


8811 


HREGE 


RRM 


8215 00 


1367 


DB 


8811 


HREGF 


RflM 


0216 80 


1368 


DB 


88H 


SMALO 


RRM 


0217 88 


1369 


DC 


00(1 


SHAM 


RRM 


8218 FT 


1378 


DC 


8FFH 


. EMflLO 


RRM 


0219 8F 


1371 


DB 


0FH 


EMRHI 


ROM 


821R 88 


1372 


DB 


00H 


MEMLO 


RRM 


821B 88 


1373 


DB 


80H 


HEMH1 


RRM 


821C 88 


1374 


DB 


00K 


BCODE 


RRM 


831D 84 


1375 


DB 


041! 


TVPE 


RRM 


821E 81 


1376 


DB 


8111 


.NUMCON 


RRM 


821F 00 


1277 


DC 


88)1 


; OPTION 


RRM 


8220 08 


1378 


DC 


CHRRNO 


;NEXTPL 


RRM 


0321 FF 


1379 


DB 


0TFII 


; KBDBUF 


RRM 


8222 00 


1388 


DB 


88H 


;KEVLOC 


RRM 


0022 


1281 NOVRLS 


EQU 


f INVAlS 








1382 


SIZEDK 






0022 


1385+ SIZE 
13874; ****** 


SET 


35 







1396 REJECT 
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LOC OBJ 


LINE 


SOURCE 5TRTEHENT 




1397 * 


INCLUDE* :F8:PRRSER. NOD) 




=1398 


CODEBLK 45 


QQQQ 
WW 


=1483+ 


ORG 







=1407 ; INIT 


INITIRLIZES PROCESSOR REGISTERS 




=1488 ; 


fiND RAH 


LOCRTIONS 10 DEFINED VRLUES. 


mm C5 


=1409 INIT: 


StL 


R38 


8891 BF88 


=1410 


MOV 


XPCODE,#0 


8883 7401 


=1411 


CRLL 


XPTEST 


8085 27 


=1412 


clr 


R 


8006 3D 


=1413 


MOVD 


PSEGLO,R 


0007 3E 


=1414 


MOVD 


PSEGKL R 


0088 B81R 


=1415 


MOV 


R0,#1AH ; START RT KD1 <REG2> = RRM LOC 1RH 


800Fi B923 


=1416 


MOV 


Rl, tLOH NOVRLS 


888C Bfl80 


=1417 


MOV 


R2,#L0H INVALS 


800E FR 


=1418 INITLP 


: MOV 


R..R2 


088F E3 


=1419 


M0VP3 


R,8R 


8010 R0 


=1428 


MOV 


0R8,R 


0011 18 


=1421 


INC 


R0 


8012 1FI 


=1422 


INC 


m 


8813 E98E 


=1423 


DJNZ 


RLINI1LP 


8015 55 


=1424 


STRT 


T 


8016 744F 


=1425 


CRLL 


EPBRK 


0018 USEE 


=1426 


MOV 


R0,iLOH<OViBfiS+OVSIZE) 


881R 74GA 


=1427 


CRLL 


OVLORD 


881C 54E5 


=1428 


CRLL 


COMFIL 


881E B937 


=1429 


MOV 


R1,#TVPE 


0020 11 


=1438 


INC 


8R1 


0021 34F2 


=1431 


CALL 


INCSMR 


8023 54E5 


=1432 


call 


COMTIL 


8025 99EF 


=1433 


RNL 


PI, KNOT EPRSE1) ; REMOVE EP RESET SIGNAL 


0027 0425 


=1434 


JMP 


MAIN 



=1435 ; 

=1436 SIZECHK 
9829 =1439+ SIZE SET 41 



=itw<; 
=1441+;***** 
=1458 *EJECT 
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LOC OBJ LINE 



SOURCE STATEMENT 



=1451 
=1452 
=1453 
=1454 
=1455 
=1456 
=1457 
=1458 
=1459 
=1463 
=1461 
=1462 
=1462 
=1464 
=1465 
=1466 
=1467 
=1468 
=1469 
=1478 
=1471 
=1472 
=1473 
=1474 
=1475 
=1476 



KEYBOARD LAYOUT: 



= 



LIST IIGO/RESET 



GO 



EXRtt/CHTl 



!!PROG BRK! IPROG HEM! ! REGISTER 

UPLOAD !! --— !! !! 

!!fiUT0 STPMS1NG STP! ! NO BRK 



! IDRTfl BRK! IDRTA HEM! ! 

DNLOflO !! !! ■ ! ICLR/PREV 

!!AUTO BRK! !HITH BRK! ! 



I- ILL ! IHflRD REG! ! NEXTA 



END/ 



6 !! 7 



ttJECT 
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"ATI W f 


MIL 


Ui-LUHirU 


twunits LtitKniNti m* IKt PARSER INTERPRETS 




=1479 i 


VALUES RETURNED BV THE KEYBOARD SCANNING INPUT ROUTINE 




=1488 i 


WHEN THE VARIOUS KEYS Of' THE KEYBOARD ARE PRESSED. 




=1481 ; 










=1482 ; 










=1483 i KEV8 


EQU 


88H 


VALUE RETURNED FOR EACH KEY OF KEYBOARD HA1R1X 




=1484 ; KEV1 


EQU 


81H 


BY KEYBOARD SCANNING SUBROUTINE "KBDIN" 




=1485 ;KEY2 


EQU 


82H 






=1486 ;KEY3 


EQU 


03H 


4 + 4 4 + i + 4 ^ 4 




=1487 ;KEY4 


LQU 


84H 


! 1C ! ID ! IE ! IF ! 1 8t ! 8D ! 0E ! 8T ' 




=1438 ;KEY5 


EQU 


85H 


4 4 4- 4 1 + 4 4 4 h 




=1489 ; KEY6 


EQU 


86H 


! 18 ! 19 ! 1A ! IB ! ! 88 ! 89 ! 8fl ! 8B ! 




=1498 ;KEV7 


EQU 


87H 


4 4 4 4 4 + 4 4 4 4 




=1491 ;KEY8 


EQU 


88H 


! 14 ! 15 ! 16 ! 17 ! ! 84 ! 85 ! 86 ! 8? ! 




=1492 ; KES"9 


EQU 


89H 


4 ^ 1 4 4 4 4 4 f 4 




=1493 ;KEYA 


EQU 


8AM 


! 18 ! 11 ! 12 ! 13 ! ! 88 ! 81 ! 82 ! 83 ! 




=1494 ;KEYD 


EQU 


8BH 


4 4 4 4 1 4 4 + 4 4 




=1495 iKEVC 


EQU 


0CH 






=1496 ;KEYD 


EQU 


8DH 






=1497 ;KEYE 


EQU 


8EH 






=1498 iKEVF E8U 


8FH 




8010 


=1499 KEVFIL 


EQU 


18H 


i [FILL COMMAND] 


0012 


=1588 KEN'NXT 


EQU 


12H 


iCNLXTA ] 


8813 


=1581 KEVEND 


EQU 


13H 


;[EMV. I 


8814 


=1582 KEVREL 


EQU 


14H 


, [DOWNLOAD COMMAND] 


8815 


=1583 KEYPAT 


EQU 


15H 


; [ AUTOBPEAK MODIFIER] 


mc 


=1504 KEYDM 


EQU 


16H 


; [ DATA MEMORY MODIFIER] 


8817 


=1585 KEYCLR 


EQU 


17H 


; [CLEAR/PREVIOUS] 


8818 


=1586 KES'REC 


EQU 


18H 


; [UPLOAD COMMAND] 


8819 


=1587 KEYTPA 


EQU 


19H 


.i[AU10STEP MODIFIER] 


881fl 


=1588 KEVPM 


EQU 


1HH 


; [PROGRAM MEMORY MODIFIER] 


881B 


=1509 KEVREG 


EQU 


1BH 


;[ REGISTER MEMORY MODIFIER] 


881C 


=1510 KEYLST 


EQU 


1CH 


;[ FORMATTED DATA OUTPUT COMMAND] 


881D 


=1511 KCORES 


EQU 


1DH 


;[GO FROM RESET STATE COMMAND] 


881E 


=1512 KEVGO 


EQU 


1EH 


;[GO COMMAND] 


aeiF 


=1513 KEYMOD 


EQU 


1FH 


.;[ EXAMINE/MODIFY COMMAND] 


888B 


=1514 KSETB 


EQU 


8BH 


;[SET BREAKPOINT COMMAND] 




=1515 KCLR8 


EQU 


ecu 


; [CLEAR BREAKPOINT COMMAND] 




=1516 i 










=1517 l 








8819 


=1518 PERK 


EQU 


19H 


; [PROGRAM BREAKPOINT MEMORY MODIFIER] 


8815 


=1519 DBRK 


EQU 


15H 


i [ DATA BREAKPOINT MEMORY MODIFIER] 


8811 


=1528 RINT 


EQU 


11H 


;[ HARDWARE REG I SI ER MEMORY MODIFIER] 


881B 


=1521 NOBRK 


EQU 


1BH 


iCWIlHOUT BREAKPOINTS MODIFIER] 


881C 


=1522 HBRK 


EQU 


m 


UWITH BREAKPOINTS ENABLED MODIFIER] 


881R 


=1523 SING 


EQU 


lfiH 


;[ SINGLE STEP MODIFIER] 




=1524 ( 










=1525 REJECT 
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LCC OBJ 



LINE SOURCE STATEMENT 





=1526 




CODEBLK 160 


0829 


=1531+ 




ORG 


41 




=1535 i 


MAIN 


OUTPUT JCSSfltt'CCOrlMAND-PROMPT) 




=1536 , 




COLL INFUT.bVTE<KEV) 




=1537 , 


NRIN2 


IF THE KEV=LND GO TO MAIN. 




=1528 , 








9829 BT01 


=1539 MAIN: 


NOV 


XPCODE.#l 


002B vm 


=1540 




CRLL 


XPTEST 


8820 2201 


=1541 




mov 


fl,#l 


002T 3408 


=1542 




CALL 


OUTU1L 


8021 14EC 


=1543 




CALL 


INPKEV 


0823 FB 


=1544 MAIN2 


NOV 


A, KEV 


8834 D313 


=1545 




XRL 


A, #KEVEND 


8836 CESS 


=1546 
=1547 




JZ 


MAIN 




=1548 


FINDOP 


FIND OUT IF THE KEV PRESSED IS fl LEGITIMATE COMMAND INITIATOR: 




=1549 




ITMP:=CTAB 




=1558 




BCODE:= 


TVPE:=8 




=1551 




WHILE CTAB(ITMP)O0 /CTRB EXHAUSTED/ 




=1552 




IF CTfiU(ITMT)=KEV GOTO MAINfl /COMMAND LNTRV FOUND IN CTAB/ 




=1553 




ELSE 


1 1 MP : =1 TMP+COMMAND.EN1 RV.SIZL 




=1554 






BCODE:=BCODE+l 




=1555 




ENDHHILE 




=1556 




GOTO ERROR 


8038 BC23 


=1557 




MOV 


ITMP,#CTAB 




=1553 




MMOV 


BCODE,ZERO 


883fl B336 


=1569+ 




MOV 


Rl, IBCODE 


883C B188 


=1570+ 




MOV 


8R1, #ZERO 




=1574 




MMOV 


TVPE,2ER0 


883E BS37 


=1585+ 




MOV 


RLtTVPE 


0040 B180 


=1586+ 




MOV 


8R1, IZERO 


8042 EC 


=1598 FINDOP: 


MOV 


A, ITMP 


8843 E3 


=1591 




MOVP3 




8844 B2BC 


=1592 




JB5 


MERROR 


me db 


=1593 




XRL 


A, KEV 


884/ C652 


=1594 




J2 


MAINA 


8849 EC 


=1595 




MOV 


A, ITMP 


884fl 0302 


=1596 




ADD 


A,#COHSIZ 


804C AC 


=1597 




MOV 


ITMP, A 


884D B926 


=1598 




MOV 


Ri,#BCODE 


084F 11 


=1599 




INC 


m 


0058 8442 


=1600 

=1601 




JMP 


FINDOP 




=1682 




OUTPUT-MESSAGE ( STRCOM ( BtODE ) ) /*PROMPT FOR THE CURRENT COMMAND*/ 




=1683 




I:=l+1 






=1634 




OPTION :=MEM( I) 




=1685 




I :=!■'! 






=1686 




NO_OF_PARAMETERS : =MEH< I ) 




=1687 




I =3 






=1688 










=1609 MAINfi: 


MMOV 


A,BCODL 


8852 B926 


=1618+ 




MOV 


RLtBCODE 


8854 Fl 


=1619+ 




MOV 


H.8R1 


8855 821D 


=1623 




ADD 


0,#STRCOM 


8857 3482 


=1624 




CALL 


OUTCLR 
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LIC OEJ 


LINE 


SOURCE STflTEICNT 


9859 1C 


=1625 


INC 


ITMP 


085fl FC 


=1626 


MOV 


fi, ITMP 


805B E3 


=1627 


MOVF3 


R, 0fl ; GET OPTION POINTER 




=1628 


MMOV 


OPTION, fl 


805C U939 


=1641+ 


MOV 


Rl. tOPTION 


005E ni 


=1642+ 


MOV 


0R1-R 


085T 1C 


=1646 


INC 


ITMP 


eeee fc 


=1647 


NOV 


ft, ITMP 


mi c 


=1648 


MOVF3 


H, 0ft ; GET NO OF PflRHMETERS 




=1649 


MMOV 


NUMCON,fi 


9862 B938 


=1662+ 


MOV 


Rl,#NUMCON 


8864 fti 


=1663+ 


MOV 


0Rl,fi 




=1667 , 








=1668 


FT)RRMETER.BUFFER<8=>5> : =0 




=1669 






8865 B986 


=1670 


HOV 


R1,I6 ; EftCH PftRflM IS 2 bYlES 


8867 BC30 


=1671 


MOV 


R8,#SMfiL0 ; STRRT OF PftRftM BUFFERS 


8869 8888 


=1672 HHINB: MOV 




886B 18 


=1673 


INC 


R8 


086C E969 


=1674 


DJNZ 


ki,HfiIN6 


086E 14EC 


=1675 


CflLL 


INPKEV 




=1676 








=1677 


WHILE KEVOMEN<OPTION+TS'PE>[6-83 DO 




=1678 


IF MEM(OPTION+TVFt)C7M GOTO MfilNDl 




=1679 


TVPE 


=type+i 




=1688 


ENDHHILE 




=1681 








=1682 


MMOV 


ITMP, OPTION 


8878 B939 


=1698+ 


MOV 


Rl, #OPTION 


8872 Fl 


=1699+ 


MOV 


fi,0Rl 


8873; DC 


=1712+ 


MOV 


ITMP, ft 


8874 1C 


=1715 


INC 


ITMP 




=1716 MfilNCl. MMOV 


ft, ITMP 


8875 FC 


=1732+ 


MOV 


ft, ITMP 


8876 E3 


=1736: 


M0VP3 


fl,0fi 


8877 97 


=1737 


CLR 


C 


0078 F7 


=1738 


RLC 


ft 


8079 77 


=1739 


RR 


fi ; STRIP BIT SEVEN INTO CflRRV 


807R DE 


=1748 


XRL 


R,KEY 


887B C693 


=1741 


J2 


MfiIND 


887D F687 


=1742 


JC 


MfilNDl 




=1743 


MINC 


TSTC 


807f 1-317 


=1748+ 


MOV 


RtilVPE 


8881 Fl 


=1749+ 


MOV 


fl, 0R1 


0882 17 


=1753+ 


INC 


fl 


8883 Rl 


=1758+ 


NOV 


§Rij- fl 


8884 1C 


=1761 


INC 


ITMP 


8885 9475 


=1762 


JMF 


MfilNCl 




=1763 








=1764 


MODIFI! 


:R NOT FOUND SO RESET TYPE INDEX TO DEFAULT 




=1765 








=1766 MfilNDl: MMOV 


1VPE,ZER0 


8087 B937 


=1777+ 


MOV 


R1,#TVPE 


8089 B188 


=1778+ 


MOV 


ttl,#ZERO 




=1782 


MMOV 


ft, OPTION 
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LOC OBJ 



LINE 



SOURCE STRTENENI 



088B B939 
088D Fi 
888E E3 
888F 3404 
8891 843E 



8895 Fi 

8896 E3 

8897 B937 
8899 CI 
889R 3484 
089C 14EC 



88GR 4488 



88BE 2430 



8897 



=1791+ 

=1792+ 

=1796 

=1797 

=1798 

=1799 ; 

=1888 ; 

=1881 NRIND 

=1818+ 

=1811+ 

=1815 

=1816 

=1822+ 

=1823+ 

=1827 

=1828 

=1829 ; 



MOV Ri, MPTION 

NOV H,m 

H0VP3 A,0fi 

CflLL OUTNSG 

jhp mim 

COLL OUTPUTJCSSfiGE(MODIFIER) 

NOV a OPTION 

NOV Rl,#OPTI0N 

NOV fi,0Ri 

hovp3 n,m 

hadd HTVPE 

NOV R1,#TVPE 

ADD A, SRI 

CfiLL OUTHSG 

CRLL INFKEV 



889E BC88 


=1838 HAINB8: 


NOV 


ITHP,#0 


88H8 2338 


=1831 HRINB1: 


NOV 


fl #SNRL0 


88(12 6C 


=1832 


ROD 


fi,ITNP 


88R3 6C 


=1833 


RW> 


fUTNP 


88fi4 ns 


=1834 


NOV 


R0,fl 


88fl5 14C8 


=1835 


CflLL 


INPflDR 


00R7 F6BR 


=1836 


JC 


CNDINT 


8809 1C 


=1837 


INC 


ITNP 


88fifl B938 


=1838 


NOV 


Ri,tNUHCON 


88fiC FI 


=1839 


NOV 


n,«i 


sew 87 


=1840 


DEC 


R 


88f€ Rl 


=1841 


NOV 


0R1.R 


dm cm 


=1842 


JZ 


CNDINT 


mi fb 


=1843 


NOV 


(iKEV 


88B2 D313 


=1844 


XRL 


fl#KEVEND 


8884 CCBfi 


=1845 


JZ 


CNDINT 


8866 14EC 


=1046 


CflLL 


INPKEV 


oodo trtrro 


=1847 


JNP 


MRINB1 



=1348 



CNDINT 



=1849 
=1850 
=1851 
=1852 
=1853 
=1854 
=1855 CNDINT: 
=1856 ; 
=1857 ;NERR0R 
=1858 HERROR: 
=1859 
=1868 

=1863+ SIZE 
=1864+; 

=1865+;****** 



ENTER THE COMMAND PROCESSOR WITH: 
BASE_CODE=TKE HflIN CONHRND lSTC 
TNTt-SUBCOHHRND TVPE 
PRRRNETER(l)=riRST ADDRESS 
PRRRMETER(2)=SEC0ND ADDRESS 
PRRRNETER(3)=DRTR 
JNP INPLEH 

ERROR ENCOUNTERED IN NflIN PflRSING ROUTINE. 

NOV LDflTR, #1 

JNP PERROR 

SIZECHK 

SET 151 



=1874 *£JECT 
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8823 
8863 

8323 IF 

8324 3F 

8325 8i 

8326 IE 

8327 49 
832C 81 
8323 18 
832fl 3F 
832B 83 
832C 1C 
832D 3F 
832E 82 
832F 18 
8338 3F 

8331 82 

8332 14 

8333 3F 

8334 88 

8335 8D 
0336 46 

8337 81 

8338 8C 

8339 46 
B33A 01 

8336 ID 
833C 49 
833D 88 
833E FT 



=18Bt)+ 
=1884 ; 
=1885 
=1886 
=1887 
=1888 
=1889 
=1890 
=1891 
=1892 
=1893 
=1894 
=1895 
=1896 
=1897 
=1898 
=1899 
=1908 
=1981 



ORG 883 



TUBUS FOR FflRSER 

THE CTRB TRBLE CONTAINS <C0MS1Z> ENTRIES FOR EflCI) COMMAND. Tl€ MEANING 
Of THE ENTRIES IS (IS FOLLOWS: 

ENTRV COmm KEY TO INITIRTE 

ENTRY 1 POINTER TO THE LIST OF OPTIONS flPPLICflELE 10 THIS COMMAND 
ENTRV 2. NUMBER OF NUMERIC PARAMETERS REQUIRED BY IKE COMMAND 



CTRB EQU 
COMSIi! EQU 



=1982 
=1983 

= 

=1904 
=1905 
=1906 
=1907 
=1988 

= 

=1989 



=1910 
=1911 i 
=1912 IEJECT 



* AND 8FFH 

3 

KEU10D,L0H OPTflBl.l 



;EXAM 



DB KEYGO< LOH 0PTAB3, 1 ;G0 

DB KEYFILLOH OF'TRBi, 3 ;FILL 

DB KEYLST, LOH 0PTABi,2 .DUMP 

DB KEVREC<LDH 0PTAB1.2 ; RECORD 

DB KEYREL LOH 0PTAB1, 8 ; RELOAD 

DB KSE I B, LOH 0PTAB2, 1 ; SET6RK 

DB KCLRB, LOW 0PTRB2* 1 ; CLRBRK 

DB KG0RE5, LOH 0PTAC3, 8 ; GO FROM RESET STATE 



8FTH 



iESCOP 
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LLC OBJ 



LINE 



SOURCE STATEMENT 



833F 26 

8348 in 

8341 16 

8342 IB 

8343 11 

8344 13 
834b 95 
8346 26 
834? 1R 

8345 % 

8349 2C 
834A IB 
834B 16 
834C 1A 
8340 15 
834E 99 

982C 



•4913 
=1914 
=1915 
=1916 
=1917 
=1918 
=1919 
=1928 
=1921 
=1922 
=1323 



THE OPTION TABLE GIVES THE VARIOUS OPTIONS ALLOWED FOR EACH 
BASIC COMMAND, AS FOLLOWS: 

ENTRV 8. START Of TABLE OF MODIFIER RESPONSES. 
ENTRV 1* ALLOWED MODIFIER KEYSTROKES CORRESPONDING TO OPTIONS 8-5. 
NOTE 1HRT TIC LAST BYTE IN EACH OPTION GROUP HAS BIT 
SEVEN SET TO INDICATE THE END. 

0PTA81: DB STRMEM 

DB KEYPH, KEYDM.. KEYREG, RINT 



=1324 DB PBKK,DBRK OR 89H 

STRMEM 

KEYPM, KEYDM OR 88H 
STRGOC 

NOBRK, MBRK, SING 



=1925 0PTAB2: DB 
=1926 DB 

=1S27 0PTRB3: DB 
=1928 DB 



=1929 DB KEYPRL KES7RA OR C9H 

=1938 SIZECHK 
=1333+ SI2E SET 44 
=1334+; 

=1935* i i h i 1 1 1 1 m tun mi nit i i i i n n 1 1 1 1 1 1 
=1344 «.JECT 



All mnemonics copyrighted © Intel Corporation 1976. 



5-41 



LOC OBJ 



LINE 



SOLACE STDTEMENT 



0180 



=1945 
=13551 
=1359 
=1968 
=1%1 
=1962 
=1363 
=1364 
=1365 
=1366 
=1967 
=1368 
=1363 
=1378 
=1371 
=1972 



CODEBLK 138 
ORG 256 

OUTUTL OUTPUT ONE OF FOUR UTILITY DISPLW PROMPTS (LEFT JUS1IFILD) 

ACCORDING TO RCC CONTENTS (8-3). 
OUTCLR CLEAR DISPLAY AND OUTPUT CHARACTER STRING STARTING 

AT THE ADDRESS POINTED TO bV BYTE AT ADDRESS IN ACCUMULATOR. 
OUTMSG SUBROUTINE TO COPS' A STRING OF BIT PATTERNS FROM ROM TO THE 

DISPLAY REGISTERS. 

STRING SELECTED IS DETERMINED BY ACC WHEN CALLED. 

ON ENTERING OUTMSG, ACC CONTENTS ARE USED TO ADDRESS A BYTE IN A 

LOOKUP TABLE ON THE CURREN1 PAGE WHICH CONTAINS THE ADDRESS OF 

A STRING OF SEGMENT PATTERN DATA BYTES TO BE PRIN1ED ONTO THE 

DISPLHS'. 

TIC END OF THE STRING IS INDICATED WEN BIT7 =1 
CALLS SUBROUTINE 'HDISP' 

TO ACTUALLY EFFECT WRITING INTO THE DISPLAY REGISTERS. 



8188 


0319 


=1973 OUTUTL: 


ADD 


H,#STRU1L 




0182 


B4F1 


=1974 OUTCLR: 


CALL 


CLEAR 




0184 


A3 


=1975 OUTMSG: 


MOVP 


A, en 








=1976 


MMOV 


STRTMP, A 




0105 


B940 


=1989+ 


MOV 


Ri, ISTRTMP 




8107 


Al 


=1998+ 


MOV 


§R1,A 








=1334 PRNT2: 


MMOV 


A, STRTMP 


LOAD NEXT CHARACTER LOCATION 


0108 


BS40 


=2883+ 


MOV 


Rl, ISTRTMP 




810A 


Fl 


=2884+ 


MOV 






810B 


A3 


=2888 


MOVP 


A, 0ft 


LOAD BIT PATTERN INDIRECT 


010C 


Fa? 


=2809 


JB7 


PRNT1 




018E 


D4D8 


=2010 


CALL 


HDISP 


OUTPUT TO NEXT CHARACTER POSITION 






=2811 


MINC 


STRTMP 


INDEX POINTER 


8110 


D948 


=2816+ 


MOV 


RL ISTRTMP 




8112 


Fl 


=2817+ 


MOV 


A, 0R1 




8113 


17 


=2021+ 


INC 


A 




8114 


Al 


=2826+ 


MOV 


8R1,A 




0115 


2488 


=2829 


JMP 


PRNT2 




8117 


C4D8 


=2838 PRNT1: 


JMP 


WDISP ;DONE 






=2031 i 








0019 




=2032 STRUTL 


EQU 


LOW t 




0119 


31 


=2033 


DB 


LOW(DERROR) 


UTILITY MESSAGE 8 ADDRESS 


811A 


37 


=2834 


DB 


LOH(DSGNON) 


UTILITY MESSAGE 1 ADDRESS 


8118 


3E 


=2035 


DB 


LOW(DRUN) ; UTILITY MESSAGE 2 ADDRESS 


011C 


44 


=2036 


DB 


LOH(DBPNI) 


UTILITY MESSAGE 3 ADDRESS 


001D 




=2837 STRCOM 


EQU 


LOW * 




811D 


46 


=2838 


DB 


LOW(DMOD) 


BASIC COMMAND 8 RESPONSE ADDRESS 


811E 


49 


=2839 


DB 


LOW(DGO) 


BASIC COMMAND 1 RESPONSE ADDRESS 


811F 


4B 


=2848 


DB 


LOW(DFILL) 


BASIC COMMAND 2 RESPONSE ADDRESS 


8120 


4E 


=2041 


DB 


LOW(DLST) 


BASIC COMMAND 3 RESPONSE ADDRESS 


0121 


51 


=2842 


DB 


LOW(DREC) 


BASIC COMMAND 4 RESPONSE ADDRESS 


0122 


54 


=2843 


DB 


LOW(DREL) 


BASIC COMMAND 5 RESPONSE ADDRESS 


0123 


57 


=2844 


DB 


LOW(DSB) 


BASIC COMMAND 6 RESPONSE ADDRESS 


8124 


5A 


=2045 


DB 


LOW(DCB) 


BASIC COMMAND 7 RESPONSE ADDRESS 


8125 


5D 


=2046 


DB 


LOW(DGR) 


BASIC COMMAND 8 RESPONSE ADDRESS 


8026 




=2047 5TRMEM 


EQU 


LOW * 




0126 


5F 


=2048 


DB 


LOH(DPRMEM) 


DATA TSTE MODIFIER 8 RESPONSE ADDRESS 


0127 


61 


=2843 


DB 


LOH(DDflMEM) 


DflTA TYPE MODIFIER 1 RESPONSE ADDRESS 


0128 


63 


=2858 


DB 


LOW(DRM) 


DATA TYPE MODIFIER 2 RESPONSE ADDRESS 
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LOC 


OBJ 


LINE 


SOURCE STATEMENT 




9129 


69 


=2851 


OB 


LOM(DINTRG) 


DRTR TYPE MODIFIER 3 RESPONSE ROORESS 


812R 


65 


=2852 


OB 


LOW(OPRBRK) 


ORTR TVPE M001FIER 4 RESPONSE ROORESS 


812B 


67 


=2853 


08 


LOH(OOnBRK) 


DfiTR TVPE MODIFIER b RESPONSE ROORESS 


882C 




=2854 S1RG0C 


EQU 


LOW * 




812C 


6B 


=2855 


OB 


LOU(DNOBRK) 


EXECUTION MOOt MOON ILR 8 


812D 


60 


=2856 


OB 


LOM(DHBRK) 


EXECUTION MODE MODIFIER 1 


812E 


6F 


=2857 


OB 


LOW(OSS) 


EXECUTION MODE MODIFIER 2 


812F 


72 


=2858 


OB 


LOU(DPR) 


EXECUTION MODE NflDlFIFR 1 


8130 


75 


=2859 


OB 


LOW(DTR) 


EXECUTION MODE MODIFIER 4 






=2868 ; 












=2861 ; 


UTILITY OUTPUT MESSAGES 








=2862 ; 












=2863 OERROR 








8131 


79 


=2864 


OB 


81111881B 


"E" 


8132 


58 


=2865 


OB 


818188086 


"R" 


8133 


58 


=2866 


06 


818188800 


"R" 


8134 


5C 


=2867 


OB 


818111886 


"0" 


8135 


58 


=2868 


OB 


818100888 


"R" 


8136 


C8 


=2869 


OB 


11608888B 








=2878 DSGNON 








8137 


88 


=2871 


06 


800000888 


H H 


8138 


76 


=2872 


OB 


811181186 


■M" 


8139 


60 


=2873 


06 


811811816 


"S" 


813R 


79 


=2874 


OB 


81111881B i "E" 


812B 


48 


=2875 


08 


810888806 ; "-' 


813C 


66 


=2876 


06 


011881186 ; "4" 


8130 


E7 


=2077 


08 


11188111B 


■9. "(TH) 






=2078 DRUN: 








813E 


88 


=2879 


OB 




■ ■ 


813f 


48 


=2088 


08 




■ _ II 


8148 


58 


=2881 


OB 


818188888 


"R" 


8141 


1C 


=2082 


06 


808111886 


»U" 


8142 


54 


=2883 


OB 


818181886 


"N" 


8143 


C8 


=2884 


06 


110888686 


" 






=2885 DBPNT : 








8144 


73 


=2886 


OB 


81118011B 


■P" 


8145 


B9 


=2887 


06 


18111881B 


•c. ■ 



=2888 *EJECT 
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=2899 i PRIMF 
=2991 ; 
=2992 DMOD 

9146 79 =2993 DB 

9147 19 

9148 F4 

=2994 DGO 

9149 3D =2995 DB 
914fi DC 

=299C WILL . 
914B 71 =2997 DB 

914C 39 
014D BC 

=2098 DLST: 
014E 38 =2999 DB 

914F 6D 
9159 F8 

=2189 DREC: 
0151 3E =2191 DB 

9152 73 

9153 B8 

=2192 OREL: 

0154 5E =2193 DB 

0155 54 

0156 B8 

=2194 DSE: 

0157 6D =2195 DB 

0158 78 

0159 FC 

=2196 DCD: 
915(1 39 =2197 DB 

9156 38 
015C FC 

=2108 DGR: 
815D 3D =2109 DB 

015E D0 

=2110 tEJECT 



COMMAND RESPONSE STRING PATTERNS 

911110916, 09111001B, 111181001 i "ECU. ■ 

001111016,110111998 ;"G0. " 

01110001B, 001100806, 101119998 ; "F IL " 

99111099B, 911911916, 111119996 ; "LSI " 

091111196, 911199116, 19111999B i "UPL. " 

010111106, 01010189B, 19111990B ; "DNL. " 

0110H01B, 01111080;, 111111996 i "STB. " 

091119916, 991119996, 11111188B i "CLB. " 

90111101B, 11010999B ; "OR. " 
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LOC OBJ 



LINE 



SOURCE STATEMENT 



815F 73 
8168 D8 

0161 5E 
8162 F7 

0163 50 

0164 BO 

0165 73 
8166 rc 

0167 5E 
016C FC 

0169 76 
016A D0 



016B 54 
816C FC 

016D 7C 
816E D0 

016F 6D 
0178 6D 
0171 FS 

8172 77 

8173 7C 

8174 D8 

8175 77 

8176 61) 

8177 F8 



8878 



=2111 ; 
=2112 i 
=2113 i 
=2114 DFRMEM: 

=2115 DB 011100116,110180006 

=2116 DDAMEM: 

=2117 DB 81811118B,11118111B 

=2118 DRH: 

=2113 DB 810100086,181111816 

=2128 DPRBRK: 

=2121 DB 0111&011B, 111111086 

=2122 DDRBRK: 

=2123 DB 018111186, 11111180B 

=2124 DINTRC: 

=2125 DB 01110110B, 11019000B 



MEMORV SPflCE MODIFIER OPTION RESPONSE STRINGS: 

I "PR. " 

;"RG. ' 
i'PB. * 



i "HR. 1 



=2126 i 
=2127 ; 
=2128 ; 
=2129 DNOBRK: 
=2130 DB 



RESPONSE MESSflGES FOR GO CONDITION MODIFIERS. 



010101886, 111111086 ; "NB. 



=2131 DHBRK: 

=2132 06 011111088,118180866 



i "BR. ' 



=2133 DSS: 
=2134 



DB 01101101B,81101101B,llllie88B ; "SST. 



=2135 DPfl: 

=2136 DB 011101116,011111006,110188806 i*m ' 



=2137 DTR: 

=2138 DB 011101116,011011016,111110806 ; "HST. 



=2139 f 

=2148 SIZECHK 
=21434 SIZE SET 128 
=2144+; 

=2145+; « Wt ,„» M „h, t | 



=2154 IEJECT 
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i nr np t 

LUL UdJ 


1 TUT 

Lint 


SOURCE STATEMENT 








CQDEBLK 45 


08C0 


=2160+ 




ORG 


192 




~ tlDt 


INPADR 


INPUT DflTH INTO THO -BVTE PARAMETER BUFFER INDICATED BY R0. 








RECEIVE NUMERIC KEYS FROM KEYBOARD UNTIL '< ' OR '. '. 




=2166 




SHIFT INTO ADDRESS BUFFER; 




=2167 




RE-HRI1E DISPLAY. 




=2168 




IF NUMBER OF CONSTANTS NEEDED IS ZERO, NO NEW PARAMETERS ARE 




=2169 








OlWIl J ( 


=2170 INPADR: 




b 


oovi. ni 


=2171 






p 




=2172 




niPUY 


R MiMPHM 


aaro rqto 


=2181+ 




nuv 


Kl> fNUnUJN 


WUH i 1 


=2182+ 




nuv 


R OCH 


R<V*S r£Ti? 


=2186 




T7 


n 

LLMrl 


(WT7 PR 


=2187 INPflDl: 


htnv 

nuv 


R tTV 


OOOO -7tUf 


=2188 




TR4 

■Jut 


pi CTFI 

LI * 1 r X 


CTX/O to 


=2189 






ADR 


aarp 47 


=2190 




CLttlp 

_>wir 


a 
n 


(WW.* to 


=2191 






r apft 




=2192 






fl flf?U4 
iu SKo 


oovc io 


=2193 






BO 


ow.r ->o 


=2194 






R iJPm 


Mfvi 747Q 


=2195 






UrL'rlL^K 


{Rlx ItCL 


=2196 




CALL 


INPKEY 


ftftfM Q7 

OOV*T 


=2157 




CLR 


C 


two o4t*r 


=2198 




JMP 


INPADi 




=2199 










=2200 


ELSIF1 


IF KP 


.-=', ' OR '. ' THEN RETURN. 




=2201 








Ml)? rp 


=2202 LLSIF1: 


MOV 


A, KEY 


WW 1/31 1 


=2203 




XRL 


A, #I(EYNXT 


covn L-&CJ 


=2204 




JZ 


ELSIF2 


8WC FE 


=2205 




MOV 


RiKEY 


RRDf) D^l? 
001/1/ uj±xj> 


=2206 




XRL 


H,#KEYEW> 




=2207 




J2 


ELSIF2 




=2208 










=2209 




ELSE GOTO PERROR. 




=2210 








ran Dooo 

OW.A DTlOt 


=2211 




NOV 


LDATfl, 12 


86E3 249R 


=2212 




JMP 


PERROR 


oar* DRAf, 


=2213 ELSIF2: 


MOV 


R0,#SEGMRP 


00E7 B903 


=2214 




MOV 


Rl,#3 


00E9 G4F5 


=2215 




CALL 


DBLANK 


88EB 83 


=2216 




RET 






=2217 




SIZECHK 


002C 


=2220+ 


SIZE 


SET 


44 




=2221+; 








=2222+; ******* 








=2231 $EJECT 
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LOC OBJ 



LINE SOURCE STATEMENT 



=2232 CODEBLK 35 

8178 =2242+ ORG 376 

=2246 ;UPDADR UPDATE ADDRESS FIELD 

=2247 ; (LAST THREE CHARACTERS OF DISPLAV) HUH ADDRESS BUFFER 

=2248 UPDADR: MMOV NEXTPL PLUS3 
8178 BS3A =2259+ MOV R1,#NEXTPL 

817AB183 =2268+ MOV 8Rl,#FtUS3 

=2264 ; WRITE ADDR INTO NEXT THREE BUFFER LOCATIONS. 



817C 


F0 


=2265 UPDAD1: 


MOV 


A,0R8 


017D 


C8 


=2266 


DEC 


R0 


817E 


538F 


=2267 


HNL 


fb#8FH 


8188 


968E 


=2268 


JNZ 


DSPHI 


8182 


D4D8 


=2269 


CALL 


HDISP 


8184 


F0 


=2278 


MOV 


P„0R8 


8185 


47 


=2271 


SWAP 


A 


8186 


530F 


=2272 


RNL 


A,#8FH 


8188 


9692 


=2273 


JNZ 


DSPM1 


818A 


D4D8 


=2274 


CALL 


HD1SP 


818C 


2494 


=2275 


JMP 


DSPLO 


818E 


D4D3 


=2276 DSPHI: 


CALL 


DSPACC 


8158 


F0 


=2277 DSPMID: 


MOV 


A,0R8 


8191 


47 


=2278 


SWAP 


A 


8192 


D4D3 


=2279 DSPM1: 


CALL 


DSPACC 


8194 


F0 


=2280 DSPLO: 


MOV 


n,#Re 


8195 


D4D3 


=2281 


CALL 


DSPACC 


0197 


83 


=2282 


RET 








=2283 


SIZECMK 


8028 




=2286+ SIZE 


SET 


32 



=2287<; 
=2288+; * 
=2297 IEJECT 
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=2313 i aJTPUTJCSSRGt(PERRORJ'ROWT) 

=2314 , OUTPUKLDATR) 

=2315 i CflLL IMPUU3YTE<KEV> 

=231C ; UNTIL KEV='CLEnR/PkEV10US' 

0198 Gf!84 =2317 RERPOR: MOV LOATA,#4 

019A BF02 =2313 PERROR: MOV XPCODE,#2 

019C 7401 =2315 CfiLL XPTEST 

819E 27 =2320 CLR fl 

019T 1)7 =2321 HOV PSH,A 

01A0 FB =2322 HOV fi, KEV 

Blfll D317 =2323 XRL R, #KEVCLR 

01fl3 C6B6 =2324 JZ ERR0R2 

01R5 27 =2325 CLR fl 

01A6 3400 =2326 CALL OUTUTL 

81R3 Ffl =2327 HOV fi,LDATR 

01fl9 0403 =2328 CflLL DSPfiCC 

=2329 HHOV KBDBUF, NEG1 

01RB B93B =23404 HOV R1,#KG0BUF 

01ADBKF =2341+ HOV 0R1,#NEG1 

01RF 14EC =2345 CRLL INPKEV 

01B1 FB =2346 HOV Fl, KEV 

01B2 D313 =2347 XRL fl,#KEVEND 

01B4 %98 =2348 JNZ RERROR 

01B6 0429 =2349 ERR0R2: JHP HRIN 

=2350 SIZtCIK 

=2353+ SIZE SET 32 
=2354+; 

=2355+ i 

=2364 ; 

=2365 CODEBLK 80 

=2380+ ORG 512 

=2384 i IHPLEM IHPLCHENT COWHAND 

8200 2306 =2385 IHFLLH: HOV ft, #LOW(JMPTBL> 

=2386 HflDO fl, BCODE 

0202 B936 =2392+ HOV Rl, #BCODE 

0204 61 =2393+ ADD R, SRI 

0205 B3 =2397 JHPP 0fl 

=2398 i 
=2399 JMPTBL: 

0206 0F =2400 DB UMJTOHOD) 
8207 20 =2401 DB LOW(JTOGO) 

0208 22 =2482 OB LOHUTOFIL) 

0209 1R =2403 OB LOH(JTOLST) 
020fl 11 =2484 DB LOH(JTOREC) 
020B 16 =2405 OB LOH(OTOREL) 
020C 2C =2496 OB LOM(COHSBR) 
0200 28 =2407 DG LOH(COHCBR) 
028E 26 =2408 DB LOW(JGORES) 

=2409 ; 

B20F 444F =2410 JTOHOO: JHP EXRHIN 

=2411 ; 

8211 85 =2412 JTOREC: CLR F0 ;F0=8 => HEX FORMAT Ofllfl OUHP 
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LOC OBJ 



LINE 



SOURCE STATEMENT 



9212 B472 
9214 8423 

8216 5497 
8218 0429 

021A 85 
021B 35 
821C B472 
821E 0429 

0220 8409 

8222 54E5 
8224 8429 

0226 8461 



822A 442E 



022C BR81 
022E 2384 

8238 BS37 

8232 61 

8233 Ri 

8234 F488 

8236 FB 

8237 D313 

8239 C64D 
823B 14EC 

8230 B938 
823F B101 
8241 B838 
8243 B888 

0245 B931 
0247 B188 
8249 14C8 
8246 E634 
824D 8429 



=2413 
=2414 
=2415 i 
=2416 J10REL 
=2417 
=2418 ; 
=2419 JTOLST: 
=2420 
=2421 
=2422 
=2423 ; 
=2424 JTOGO: 
=2425 ; 
=2426 JTOFIL: 
=2427 
=2423 ; 
=2429 JGORES: 
=2430 ; 
=2431 i COMCBR 
=2432 COMCBR: 
=2433 
=2434 ; 

=2435 ;COMSBR 

=2436 COMSBR: 

=2437 BRKFIL: 

=2438 

=2448+ 

=2449+ 

=2455+ 

=2459 8RKNXT: 

=2460 

=2461 

=2462 

=2463 

=2464 

=2475+ 

=2476+ 

=2488 

=2481 

=2482 

=2493+ 

=2494+ 

=2438 

=2493 

=2500 BRKEND: 
=2501 

=2584+ SIZE 
=2505+; 
=2586+; 
=2515 *EJECT 



CALL HFILEO 
JMP MAIN 



caL 

JMP 

CLR 
CPL 
CALL 
JMP 

JMP 

CALL 
JNP 

JMP 



HRECIN 
MAIN 

F0 
F0 

HFILEO 
MAIN 

EPRUN 

COMFIL 
MAIN 

COMCOR 



COMMAND TO CLEAR BREAKPOINTS 
MOV LDfiTA, #8 
JMP BRKFIL 



COMMAND TO SET BREAKPOINT 
MOV LDATAj #1 
R. #4 
TVPLA 
Rl.tTYPE 
A,0R1 

m,n 

LSTORE 
A,KEV 
R.IKES'END 
BRKEND 
INPKEV 

rMCON, PLU51 
R1.«NUHC0N 
9Ri,#PLUSl 
R0,#SMALO 
8R8,#8 
SHAM, ZERO 
R1,#SMHHI 
8R1,#ZER0 
INPRDR 
BRKNXT 
MAIN 



MOV 
MADD 

MOV 

ADD 

MOV 
CALL 
MOV 
XRL 
U 

call 

MMOV 

MOV 

MOV 
MOV 
MOV 
MMOV 

MOV 

MOV 
CALL 
JNC 
JMP 
SIZECHK 
SET 79 
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loc oej 


LINE 


SOURCE STATEMENT 




=2516 


CODEBLK 75 


824F 


=25311 


ORG 


591 




=2535 , 


EXfiMIN EXAMINE/MODIFY MEMORY COMMAND. 




=2536 i 


DISPLAYS MEMORY ADDRESS SPACE OPTION, ADDRESS VALUE, AND CURRENT 




=2537 , 


READS KEYBOARD AND INTERPRETS RESPONSE. 




=2538 . 








=2539 , 


0UTm.l1ESSftGE(<KEM()RSLSPRCE.0PTI0NXSMfD'='<DATA-BYlD) 


824F 85 


=2548 EXAMIN: CLR 


F8 




=2541 EXAN8: MMOV 


A, TYPE 


8258 B937 


=2558-1 


MOV 


RLITYPE 


8252 Fl 


=2551+ 


MOV 


A, SRI 


8253 8326 


=2555 


ADD 


A, #STRMEH i OFFSET FOR FIRST MEMORY TYPE SIRING 


8255 3482 


=2556 


CALL 


OUTCLR 


8257 E831 


=2557 


NOV 


R8,#5MALOH 


8259 347C 


=2558 


CALL 


UPDADi 


825B 2348 


=2559 


MOV 


A, 1818818886 i '=' 


8250 D408 


=2568 


CALL 


HDISP 


825F 14FC 


=2561 


CALL 


LFETCH 


8261 FA 


=2562 


MOV 


A, LDATA 


8262 47 


=2563 


SWAP 


A 


8263 D403 


=2564 


CALL 


DSPACC 


8265 Ff) 


=2565 


MOV 


A, LDATA 


8266 04D3 


=2566 


CALL 


DSPACC 




=2567 








=2568 








=2569 


INPUT -KEY(KEY) 




=2578 


IF (KEY IS N01 NUMERIC) 




=2571 




IF <KEY=KEYEND> GO TO PARSER 




=2572 




aSEU <KEY=KEYNEXT> 




=2573 




INCREMENT <SMH> 




=2574 




GOTO EXAMIN 




=2575 




ELSEIF (KEY=KEYPREVIOUS) 




=2576 




DECREMENT <SMR> 




=2577 




GOTO EXAMIN 




=2578 




ELSE GOTO PERROR 




=2579 






8260 14EC 


=2588 


CALL 


INPKEY 




=2581 


MNOV 


A, KEY 


826R FB 


=2597+ 


MOV 


A, KEY 


826B 927B 


=2681 


JB4 


EXAM1 




=2682 








=2683 


f APPEND DATA WITH <LOHNIB.<KLY» 




=2684 


; CALL LSTORC 




=2685 


f GOTO EXAMIN 




=2686 






8260 FA 


=2687 


MOV 


A, LDATA 


826E 47 


=2688 


SWAP 


A 


826F 53F8 


=2689 


ANL 


A, #8F8H 


8271 B675 


=2618 


JF8 


EXAMS 


8273 27 


=2611 


CLR 


A 


8274 95 


=2612 


CPL 


F8 


8275 6B 


=2613 EXAH5: ROD 


A, KEY 


8276 AA 


=2614 


MOV 


LDATA, A 


8277 F488 


=2615 


CALL 


LSTORE 


8279 4458 


=2616 


JMP 


EXAM8 
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IOC OBJ 



LINE SOURCE STATEMENT 





=261? ; 






827B 1)213 


=2618 EXRH1- 


xrl 


fl, #<KEYEND) 


827D 9G81 


=2619 


JNZ 


EXRB2 


827F 8429 


=2628 
=2621 ; 


JHP 


MRIN 


0281 FB 


=2622 EXRM2: 


mv 


fl,KEY 


8282 D312 


=2623 


XRL 


atKEStKT 


8284 968A 


=2624 


JNZ 


EXRM3 


8286 34F2 


=2625 


CRLL 


INCSMfi 


8288 444F 


=2626 


JMP 


EXRMIN 


828R FB 


=2627 EXRM3: 


MOV 


fl,KEV 


828B D317 


=2628 


XRL 


RiiKEVCUl 


82CD 9693 


=2629 


JNZ 


EXRM4 


QOOT XATA 




CflLL 


DECSMfl 


8291 444F 


=2631 


JMP 


EXRMIN 


8293 Bn83 


=2632 EXRM4: 


HOV 


LDRTR,#83H 


8295 249f\ 


=2633 


JMP 


PERROR 




=2634 


SIZECHK 


8848 


=2637+ SIZE 


SET 


72 




=2638+; 








=2639+; ****** 
=2648 i 








=2649 


CODEBLK 4 




=2654+ 


<m 


236 


88EC D4C2 


=2658 INPKkV: 


CfiLL 


KBDIN ; RETURNS KEY IMPRESSION IN R 


88EE RB 


=2659 


MOV 


KEV,R 


88EF 83 


=2668 


RET 






=2661 


SIZECHK 


0004 


=2664+ SIZE 


SET 


4 




=2665+; 
=2666+;***** 
=2675 tEJECT 
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LOC OBJ 


LINE 


S0t#C£ STATEMENT 




2676 * INCLUDE(:F0:GOCOt1S.I1OO> 






CODEGLK 218 


tww 




ORG 


1024 




ol 


Lr KUn Run LnULn 1 1 Ull rM/L. 






RELOAD EF WITH SVSTEH STRTUS AND RELERSE 






SEQUENCE IS RS FOLLOWS: 




-£i (W 


IF COHMfiND HAS TERMINATED BV THE 'NEXT' KEV: 




=2785 


S10RE SIB INTO EP PC; 




=2786 


STORE EP PC INTO TOP-OF -STACK (RELATIVE 10 EP 




=2707 


PASS EP R0; 




=2788 


PASS EP PSH; 




=2709 


PRSS EP TIMER; 




=2710 


PASS EP ACCUMULATOR; 




=2711 






flA fill IWj 


=2712 EPRUN: MOV 




8482 3488 


=2713 


CALL 


mm in 




=2714 


NMOV 


ni MUTIUJn 


8484 B938 


=2723+ 


MOV 


da *ig wrnw 


8486 Fi 


=2724+ 


MOV 


a a em 


8487 9615 


=2728 


JNZ 


rprfiWT 
trUUnl 




=2729 


mov 


Lrr L-LU.' DfniLU 


8489 B930 


=2745-> 


NOV 


cm tow n 


8488 Fi 


=2746+ 


NOV 


ni W(i 


848t B324 


=2752+ 


NOV 


pi trppn n 


fcWot HI 


=2753+ 


MOV 


QCM Q 

CTvi^ n 




=2756 


NMOV 


Lr r WHj> Jrlnrii 


OA fiC NG">4 


=2772+ 


MOV 


CM ICMftUT 


(5411 rl 


=2773+ 


MOV 


ill CT^X 


0412 BS25 


=2779+ 


MOV 


M; wt-f rL-nl 


0414 Rl 


=2788+ 


MOV 


Wi* n 


0410 rb 


=2783 tPCOMT: NOV 


ft IfTV 


041b P312 


=2784 


XRL 


Hi ff-tYrvs I 


041o Uolr 


=2785 


JZ 


CPPfltM 
LrLUnl 


(Win clSvL 


=2786 


MOV 


(1/ Win i JllHrfft IWt LtYLL LtLr IU ITULV 




=2787 


NMOV 


trr_>w> n 


QAA p nnoi 

o41L u?<;i 


=2888+ 


MOV 


da *rppcu 

Kl/ wtrT^M 


tJ41t HI 


=2881+ 


MOV 


SRl.fi 




=2885 EPCONi: MBOV 


LDATA, EPPCLO 


qaa c noo<4 
o41r oy<:4 


=2821+ 


MOV 


rl teppao 


(Htl rl 


=2822+ 


MOV 


A,0Ri 


m£d HH 


=2835+ 


MOV 


LDATA, A 




=2838 


NMOV 


A,EPPSW 


CUO"? DQ04 


=2847+ 


MOV 


Rl,tEPPSH 


tWdD rl 


=2848+ 


MOV 


A,0R1 


tWtb or 


=2852 


DEC 


fi 


tWtf jior 


=2853 


AM. 


A,I07H 


0429 E? 


=2854 


RL 


A 


842H 8388 


=2855 


ADO 


RttBBN 




=2856 


MMOV 


SMALO/fi 


842C U938 


=2869+ 


MOV 


RLISMfiLO 


84<i HI 


=2878+ 


NOV 


8R1,A 


842F F4C3 


=2874 


CALL 


EPSTOR 




=2875 


NINC 


SMALO 


0431 B938 


=2888+ 


NOV 


RJUISMaO 


8433 Fl 


=2881+ 


MOV 


A,0R1 
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LOC OBJ LINE SOURCE STATEMENT 



0434 17 


=2885+ 




INC 


fl 


9435 Rl 


=2898+ 




MOV 


0R1,A 




=2893 




HMOV 


A,EPPSH 


9436 8921 


=2982+ 




MOV 


R1,#EPPSH 


9438 Fl 


=2983+ 




MOV 


A,0R1 


8439 53F8 


=2987 




RNL 


A, #8F8H 




=2998 




MORL 


A,EPPCHI 


943B B925 


=2914+ 




MOV 


Rl,«£PPCtlI 


843D 41 


=2915+ 




ORL 


A,PR1 


843E AA 


=2919 




MOV 


LDATfl>A 


843F F4C3 


=2928 




CflLL 


EPSTOR 


8441 88W 


=2921 EPCNT: 


NOV 


R8,#L0H(0V2BAS+0VSIZE> 


8443 ?46fl 


=2922 




CALL 


OVLOAD 




=2923 




HMOV 


R,EPR0 


8445 B923 


=2932+ 




MOV 


Ri,#EPR0 


944? Fl 


=2933+ 




MOV 


A,9R1 


9448 F4D8 


=2937 




CALL 


EPPASS 




=2938 




HMOV 


dEPPSH 


B44A B921 


=2947+ 




NOV 


RljtEPPSH 


944C Fl 


=2948+ 




MOV 


A,9Ri 


8440 F4D8 


=2952 




CflLL 


EPPfISS 




=2953 




MMOV 


fl, EPTIMR 


944F B922 


=2962+ 




MOV 


RLIEPTIMR 


9451 Fl 


=2963+ 




MOV 


A,9R1 


8452 F4D9 


=296? 




CflLL 


EPPASS 




=2968 




MMOV 


A.EPACC 


9454 B929 


=2977+ 




MOV 


R1,#EPACC 


9456 Fl 


=2978+ 




MOV 


fl,0Rl 


84b? F4D8 


=2982 




COLL 


EPPASS 


9459 8983 


=2983 




ORL 




845B F4DG 


=2984 




CflLL 


EPSTEP 


845D 745R 


=2985 




CflLL 


OVSHAP 


845F 8468 


=2986 
=2987 




JMP 


CGO 




=2988 


COHGOR GO FROM RESET COMMAND 




=2989 




RESET PROCESSOR 




=2999 




RELOflD LOW ORDER PROGRAM BVTES INTO PROGRAM MEMORY 




=2991 








8461 2392 


=2992 COHGOR 


MOV 


A, 12 


8463 3488 


=2993 




CALL 


0U1UTL 


8465 8918 


=2994 




ORL 


P1,#EPRSE'I 


8467 745fl 


=2995 




CflLL 


OVSHAP 


9469 99EF 


=2996 
=2997 
=2998 




ANL 


PI, KNOT EPRSET) 




=2999 


CGO 


SET UP BREAK LOGIC FOR APPROPRIATE BREAK CONDITIONS, 




=3898 




DEPENDING ON CONTENTS OF 'TYPE'. 




=3881 










=3882 CGO: 


MMOV 


A, TYPE 


94GC BS37 


=3811+ 




MOV 


RLtTYPE 


846D Fl 


=3812+ 




MOV 


A,0R1 


846E 9371 


=3016 




RDD 


A,ILOH GOTBL 


8478 B3 


=3817 
=3918 


i 


JMPP 


n 


9471 7C 


=3819 GOTBL: 


DB 


LOU(CGONC) 
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8473 88 


=3021 




DC 


LOW(CGOSS) 




8474 76 


=3822 




DB 


UMUaurHI; 




8475 88 


=3823 
=3824 




DB 


LW(uwTKH) 






=3825 CGOPAT: 








8476 99FD 


=3826 CGOHB: 


AM 


PlftNOT 008008108 




8478 8S01 


=3027 




ORL 


Pl< W0000001B 




847fl 8482 


=3828 




JNP 


EPRUN4 






=3829 ; 








847C 99FC 


=3830 CGONC: 


flNL 


F1»#N0T 08800011B 




847E 8482 


=3831 
=3032 




JNP 


EPRUN4 






=3833 CGOTRA: 








8488 8903 


=3834 CGOSS: 


ORL 


Pl,t00000011B 






=3835 












=3036 


EPRUN4 


SE1 If CONTROL LOGIC TO RUN U! 


iER'S PROGRAM. 




=3037 




RELEfK 


X. PROCESSOR TO RUN 






=3038 










848s: 8A20 


=3039 EFRUN4: 


ORL 


§0919088® 


; DISABLE EP LINK REFERENCES. 


0484 9AEF 


=3040 




ONL 


P2,#NQT 000180808 


;SET ALL REFERENCES TO RAN ARRAY. 


r\ 4 f\S~ MAT 

0486 99DF 


=3841 




flNL 


P1,#N0T NODOUT 




8488 F4F4 


=3842 
=3843 




CALL 


eprel 






=3844 




WRIT FOR KEYSTROKE INPUT OR HflRDWflRE BREAK TO OCCUR. 




=3845 










848A F4BC 


=3846 EPRUNi. 


CfiLL 


TOFPOL 




048C F4AF 


=3047 




CftLL 


KBDPOL 




048E 37 


=3848 




CF1 


A 




848F F295 


=3849 




JB7 


EPRUN3 




0491 8699 


=3850 




JNI 


EPRUN2 




8493 848ft 


=3851 
=3852 




JNP 


EPRUN1 






=3053 


EPRUN3 


fl KEYSTROKE MRS DETECTED WHILE EP MRS RUNNING. 




=3054 




BREAK E»:CU"II0N, 






=3855 




PROCESS KEYSTROKE. 




nine njM 

0495 B408 


=3856 EPRUN3: 


CALL 


STSAVE 




0497 84B3 


=385? 
=3858 




JMP 


EPRUN5 






=3059 


EPRUN2 


AN ENABLED BREAK CONDITION OCCURRED. 




=3060 




BREAK EMULATION MODE, 






=3061 




CONTINUE ACCORDING TO GO COHMf 


WD TYPE. 


n A no TiAtifi 

0499 B480 


=3862 EPRUN2: 


CALL 


STSAVE 






=3063 




mov 


ft, TYPE 




fi a nr. rw>^ 

04SB B937 


=3072i 




NOV 


R1,#TYPE 




84>v rl 


=3073+ 




NOV 


Kit 




ri/i on attu 
WA. BiHl 


=3077 




ADD 


A,iL0H CNTTBL 




04ft0 83 


=3078 




JNPP 


8ft 






=3079 ; 








04R1 ft6 


=3888 CNTTBL: 


DB 


LOH<BRKERR> 




04fl2 Bft 


=3881 




DB 


L0H(EPRUN6) 




OTrL> on 


=3882 




DB 


L0UCEPPUN6) 




84R4 flfl 


=3883 




DB 


LOU(CNTTRfl) 




04f)5 Rft 


=3884 




DB 


LOH(CNTTRR) 






=3885 j 
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LOC OBJ 



LINE SOURCE STflTLTENl 





=3886 ;BRKERR 


BREAKPOINT LATCH HAS SEl THOUGH BREAKPOINTS NOT ENABLED. 




=3887 , 




DISPLAV HARDWARE ERROR MESSAGE. 


94fi6 Bfi8B 


=3888 BRKERR: 


MOV 


LDflTA, #8BH 


84fl8 249fl 


=3833 




JMP 


PERROR 




=3890 ; 








=3891 CNTTRA: 


mov 


R,DSPTIM 


04AA B928 


=31884 




mov 


R1,#DSPTIM 


04BC Fl 


=3181+ 




MOV 


A,0R1 


04AD 94F2 


=3185 




CALL 


DELAY 


04fiF F4flF 


=3186 




CALL 


KBDPOL 


0481 F241 


=3107 




JB7 


EPCNT ;B7 SET INDICATES NO KEYSTROKE. 




=3108 










=3189 


EPRUN5 


INPUT<KEY), 




=3110 




IF KEV=END GO TO PARSER, 




=3111 




INPUT KEY, 




=3112 




IF KEVONEXT GO TO PARSER, 




=3113 




CONTINUE IN SAME MODE. 




=3114 








04B3 14EC 


=3115 EPRUN5: 


CALL 


INPKEY 


84B5 FB 


=3116 




MOV 


A, KB' 


84B6 D313 


=3117 




XRL 


A, #KEYEND 


94B8 96C7 


=3118 




JNZ 


EPRET 


mm 14EC 


=3119 EPRUN6: 


CALL 


INPKEY 


84BC FB 


=3128 




MOV 


A, KEY 


84ED D312 


=3121 




XRL 


ftlKEYNXT 


84BF 96C7 


=3122 




JNZ 


EPRET 


84C1 2382 


=3123 




MOV 


A,*2 


B4C3 3488 


=3124 




CALL 


OUTUTL 


84C5 8441 


=3125 




JMP 


EPCNT 




=3126 


< 








=3127 ;EPRET 


EXECUTION MODE IS TO BE TERMINATED. 




=3128 


1 


JUMP INIO PARSER TO INTERPRET KEY ALREADY DETECTED. 


84C7 8433 


=3129 EPRET: 


JMP 


NAIN2 




=3138 


i 








=3131 




SIZECHK 


88C3 


=3134+ 


SIZE 


SET 


201 




=3135+; 


























=3145 JEJECT 
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LOC OBJ 


LINE 


SOURCE STATEMENT 




=3146 


COOEBLK 115 




=3171+ 


ORG 


1280 




=3175 < 


STSflVE EP STATUS SAVE SUBROUTINE. 




=3176 


FORCE CflLL TO LOC 814H; 




=3177 


SAVE EP flCC; 




=3178 


SAVE EP TIBER; 




=3179 


SAVE EP PSH; 




=3188 


SAVE EP 


R0, 




=3181 


SAVE EP TOP-OF- STACK IN EP PC; 




=3182 


RETURN. 




8586 744F 


=3183 STSflVE: CflLL 


EPERK 


9592 2383 


=3184 


fiov 


fl/*3 


0504 3400 


=3185 


CflLL 


OUTUTL 


8586 745(1 


=3186 


CflLL 


OVSHTP 


0588 BS8F 


=3187 


NOV 


R8,»L0H(0V8BAS+OVSIZE) 


059R 746A 


=3188 


CALL 


OVLORD 


050C 8028 


=3189 


ORL 


P2, #881000088 


858E 2314 


=3198 


NOV 


R,#14H 


0518 91 


=3191 


HOVX 


m,H 


8511 9f»F 


=3192 


RNL 


P2,#N0T 80108988B 


9513 8983 


=3193 


ORL 


PL #088880118 


8515 F4DB 


=3194 


CflLL 


EP5TEP 


8517 8820 


=3195 


ORL 


P2* I80100000B 


0519 9REF 


=3196 


RNL 


P2,#N0T 080180000 


051B 8903 


=3197 


ORL 


PLKENBRflH OR ENBLNK) 


0510 F4DE 


=3198 


CflLL 


EPSTEP 




=3199 








=3200 


; LOCUTION PROCESSOR IS NOW AT 1 




=3281 


; (RETURN flDORESS+2) PUS1ED ON S' 




=3202 






051F B8fl5 


=3203 


NOV 


R0, »LOH(0V38flS+0VSIZE) 


0521 746fi 


=3204 


CflLL 


OVLOOO 


0523 F4D0 


=3205 


CflLL 


EPPASS 




=3286 


MHOV 


EPACCA 


0525 B920 


=3219+ 


NOV 


RLIEPACC 


0527 ftt 


=3220+ 


NOV 


KLfl 


0528 F4D0 


=3224 


CALL 


EPPftSS 




=3225 


NHOV 


EPTIHR/fl 


8528 B922 


=3238+ 


NOV 


RL tLTTINR 


052C fll 


=3239+ 


NOV 


0RLA 


0520 F4D0 


=3243 


CflLL 


EPPflSS 




=3244 


HMOV 


EPPSHjA 


052F B921 


=3257+ 


NOV 


RLtEPPSH 


0531 fll 


=3258+ 


NOV 


0RLA 


0532 F4O0 


=3262 


CALL 


tODOCC 




=3263 


NHOV 




8534 B923 


=3276+ 


NOV 


RL #EPR0 


0536 fll 


=3277+ 


NOV 


@Ri; ft 


8537 B88B 


=3281 


NOV 


R8,«L0H(0VlBflS+0VSIZE) 


8539 7468 


=3282 


CALL 


OVLOAD 




=3283 


NHOV 


A,EPPSH 


053B B921 


=3292+ 


NOV 


RLtEPPSW 


8530 Fl 


=3293+ 


NOV 


A.0R1 


853E 07 


=3297 


DEC 


fl 


053F 5307 


=3298 


RNL 


fl,«07H 
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LOC OBJ LINE SOURCE STATEMENT 



8541 E7 


=3299 


RL 


A 




8542 0308 


=3300 


ADD 


A..#08H 






=3301 


HH0V 


SMflLCfi 




0544 B930 


=3314+ 


nov 


RliSHflLO 




8546 fli 


=3315+ 


NOV 


m,A 




0547 F4B7 


=3319 


CflLL 


EPFET 




0549 ear 


=3320 


ADD 


fl,*-2 




054B flfl 


=3321 


nov 


LDflTA* A 






=3322 


MHOV 


EPPCLO,A 




054C B924 


=3335+ 


nov 


R1,#EPPCL0 




054E Hi 


=3336+ 


nov 


m,fi 




054F F4C3 


=3340 


CfiLL 


EPSTOR 




0551 B930 


=3341 


nov 


RLiSMRLO 




0553 11 


=3342 


INC 


0R1 




0554 F4B7 


=3343 


CfiLL 


EPFET 




0556 ftfi 


=3344 


nov 


LDflTfl,n 




0557 53F0 


=3345 


ANL 


r, #111100008 






=3346 


XCH 


AiLDflTA 




055fl 13FF 


=3347 


flDDC 


R,#-l 




055C 538F 


=3348 


RNL 


fl,*00801111B 






=3349 


mov 


EPPCHLfl 




055E B925 


=3362+ 


nov 


RLICPPCHI 




0560 fll 


=3363+ 


nov 


0Ri,fl 




0561 40 


=3367 


ORL 


fl,LDftTA 




0562 flfl 


=3368 


nov 


LDRTA,fl 




0563 F4C3 


=3369 


CflLL 


EPSTOR 




0565 B825 


=3370 


nov 


R8,#EPPCHI 




0567 347C 


=3371 


CflLL 


UPDflDl 




0569 2340 


=3372 


nov 


ft/ 4918686666 


FOR DISPLAY 


0S6B D40S 


=3373 


CflU 


HDISP 




0560 B820 


=3374 


nov 


R8» #EPflCC 




056F 3490 


=3375 


CfiLL 


DSPHID 




0571 03 


=3376 


RET 








=3377 


SIZECHK 




0672 


=3388+ SIZE 
=3381+; 
=3382+; ****** 


SET 


114 





=3391 IEJECT 
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_>_>_r-fc * i,r,uw»_\ .i v.m ILL. Iiw/ 

080) =3392 CHRRCR EQU 8DH ;<CR> 

908fl =3394 CHRRLF EQU BflK ; <LF> 

881R =3395 CNTRLZ EQU 1RH ;CONTR0L-Z 

=3336 i 

=3397 CODEBLK 88 
8297 =3412+ ORG 663 

=3416 ;IRECIN HEXFILE RECORD INPUT ROUTINE 



8297 34CD 


=5417 HRECIN- 


CRLL 


CHAR IN 




8299 D31fl 


=3418 


XRL 


r, ICNTRLZ 




B29G C6E8 


=3419 


JZ 


DONE 




OtJv f.>.Ln 


= ?4pQ 


XRL 


It/ WV 1 T\\-L 








SOT 


Ri •(' ■ ') 






— j*rct 


JNZ 


HPFriN 






=3423 


mmov 


CHKSUM, ZERO 






~JttO T 


MOV 


CHKSUM, tZFRO 




QOOS 44TQ 


- j^fit 


m i 

UU. 


WTFTN 

LIT Fein 








MMfW 


HF(54T. fl 




UtlH DJtX 




mtiu 

IHJV 


R1 . tfiUfPMT 

fti., TOUT i.n 1 




utrf J ni. 


=7447+ 




8R1, A 




02Rfi 1 4F0 


=3451 


CflLL 


BVTEIN 






=3452 


mmov 


SflflHI, H 




82BC B931 


=3465+ 


110V 


RlilSHRHI 




82RE Rl 


=3466+ 


MOV 


8RI1R 




82fF 14F8 


=3478 


OIL 


BVTEIN 






=3471 


MMOV 


SMfiL0,fl 




82B1 B938 


=3484+ 


MOV 


RlitSMRLO 




82B3 Rl 


=3485+ 


MOV 


8Rl,fl 




82B4 14F8 

utiTT ATI J 


=3489 


CflLL 


BVTEIN 






=3498 


mmov 


RECTVPifl 




82B6 B942 


=3583+ 


MOV 


R1,IRECTYP 




8288 Rl 


=3584+ 
=3588 ; 


NOV 


8RI1R 






=3589 i HDRTIN HEX DATA BVTE IN 






=3518 HDRTIN: 


NMOV 


fl, BUFCNT 




82E9 B941 


=3513+ 


NOV 


Rl, tBUFCHT 




8288 Fl 


=3528+ 


MOV 


R,8R1 




82BC C6CC 


=3524 


JZ 


RECDON 




82BE 14F8 


=3525 


CflLL 


BVTEIN 




82C8 88 


=3526 


MOV 


LDflTflifl 




82C1 F488 


=3527 


CflLL 


LSTORE 




82C3 34F2 


=3528 


CflLL 


INCSMfl 






=3529 


MDEC 


BUFCNT 




82C5 B941 


=3534+ 


MOV 


R1,#BUFCNT 




82C7 Fl 


=3535+ 


MOV 


R,8R1 




82C8 87 


=3539+ 


DEC 


fl 




82C9 ftt 


=3544+ 


MOV 


m,n 




82CA 44B9 


=3547 
=3548 ; 


JMP 


HOflTIN 




82CC 34CD 


=3549 RECDON: 


CflLL 


CHflRIN 




82CE D33I- 


=3558 


XRL 


R, #('?') 




82D8 C6D8 


=3551 


JZ 


CKSMOK 




82D2 D33F 


=3552 


XRL 


fl, #('?') 


; SWITCH BflCK TO DATA CHARflCTER 


92D4 34B8 


=3553 


CflLL 


NIBIN2 


;JOIN SUBROUTINE flLREADV IN PROGRESS 


82D6 14F2 


=3554 


CflLL 


BVTEI1 


;DinO 
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LOC OBJ 


LINE SOURCE STATEMENT 




=3555 


; (RESULT FOR NON- •'?' CHRRfiCTERS IS AS IF 




=3556 


; BVTEIN MRS CALLED. ) 




=3557 


HHOV R, CHKSUM 


8208 FD 


=3573+ 


110V fl, CHKSUM 


8209 96E1 


=3577 


JNZ CHKERR 




=3578 CKSMOK: 


NMOV R,RECTYP 


820B B942 


=3587* 


MOV Rl, IRECTVP 


8200 Fl 


=3588+ 


mov n,8Ri 


820E C697 


=3592 


JZ HRECIN 




=3593 ; 






=3594 ;D0NE 


HEX FILE CORRECTLV RECEIVED 


82E8 83 


=3595 DONE: 


RET 




=3596 ; 






=3597 ; CHKERR 


CHECKSUI1 ERROR IN INPUT RECORD DETECTED 


82E1 Bfl0C 


=3598 CHKERR: 


MOV LDATR,#8CH 


82E3 249H 


=3599 


JMP PLRROR 




=3688 


SIZECHK 


884E 


=3683+ SIZE 


SET 78 




=3684+; 

=3685+; ****** 






=3614 i 






=3615 


CODEBLK 12 


88F8 


=3628+ 


ORG 248 




=3624 ;BVTEIN 


FJVTE INPUT SUBROUTINE. 




=3625 i 


RECEIVES TWO HEXIDECIMRL CHRRRCTERS FROM THE TRPE IHPUT DEVICE 




=3626 ; 


RND ASSEMBLES THEN INTO R SINGLE BYTE OF DRTfi. 


88F8 3468 


=3627 8VTEIN: 


CRLL NIBIN 


88F2 47 


=3628 BVTEU: 


SWRP fl 


88F3 Rfi 


=3629 


NOV LOflTR, R 


88F4 3488 


=3638 


CRLL NIBIN 




=3631 


HORL LDflTA, R 


88F6 4fl 


=3648+ 


ORL R, LDRTfl 


88F7 Iffl 


=3668+ 


NOV LDRTRifl 


88F8 CO 


=3664 


ROD fl, CHKSUM 


88F9 HO 


=3665 


NOV CHKSUM, R 


88FR FA 


=3666 


MOV fl, LDRTfl 


88FB 83 


=3667 


RET 




=3668 


SIZECHK 




=3671+ SIZE 


SET 12 




=3672+; 
=3673+;****** 






=3602 ; 






=3683 


CODEBLK 25 


8188 


=3693+ 


ORG 448 




=3697 ;NIBIN 


RECEIVES R HEXIOECINRL CHRRRCTER RND PRODUCES fl MRSKED FOUR BIT 




=3698 j 


NOTE- ERROR CICCKINti OONE TO VERIFY HEXIDECIMflL VRLIDITV 


81B8 34CO 


=3699 NIB1N: 


CALL CHRRIN 


818R 83C6 


=3788 NIBIN2: 


ROD A,#-3AH ;RCC=8F6-0FF FOR CHRRRCTERS '0'-'9' 




=3781 


; CHRRRCTERS > '9' PRODUCE OVERFLOW 


81BC E6C2 


=3782 


JNC NIBI3 


81BE 83F9 


=3703 


ROD fl,t-7 ;RCC=8-5 FOR CHRRRCTERS 'R'-'K 


81C8 E6C9 


=3784 


JNC RSCLRR ; ERROR IF CHRRRCTER BETWEEN '9' RND 'fl' 




=3705 ; 






=3786 i 


RCC=0F6H-85H FOR CHRRRCTERS '0'-'F' 




=3787 ; 
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LOC OGJ 



LINE SOURCE STATEMENT 



81C2 83FA 
81C4 8310 

81C6 E6C9 
81C8 83 



81C9 E88fi 
81CB 249R 



8815 



81C0 



81C0 0449 
81CF 537F 
81D1 83 



8885 



ADD 
HDD 



A,*18H 



RCC=8F8H-8FFH FOR CHHRflCTERS 'B'-'F' 



ACC=88H-8FH FOR CHHRflCTERS 'V-f'i 
OVERFLOW IF ABOVE IS TRUE. 



=3788 NIBI3: ADD Hi-fi 
=3789 
=3718 

=3711 JNC flSCERR 

=3712 RET 
=3713 ; 

=3714 ; flSCERR ILLEGAL HEXIDECMRL CHflRflCTER RECEIVED 
=3715 flSCERR: MOV LDFITR, »8HH 
=3716 JMP PERROR 

=3717 SIZECHK 
=37284 SIZE SET 21 
=37211 
=3722* 
=3731 
=3732 

=3733 CODEBLK 5 

=3743+ ORG 461 

=3747 ;CHHRIN CHflRflCTER INPU1 ROUTINE. 

=3748 l RECEIVES ONE ASCII CHflRflCTER FROM THE LOGICRL READER DEVICE. 

=3749 CKARIN: CRLL CIN 
=3758 flNL fl, #7FH 

=3751 RET 
=3752 SIZECHK 
=3755+ SIZE SET b 
=3756+; 
=3757+; 
=3766 
=3767 

=3768 IEJECT 



******************* 
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LOC OBJ 



LINE 



SOURCE STATEMENT 



8572 



=3769 CODEBLK 188 

=37941 ORG 1394 

=3798 ; HFILEO HEX FILE OUTPUT SUBROUTINE 

=3799 i »EN CflLLED WITH F8=8 OUTPUT IS STRNDfiRD HEX FILE FORMAT. 

=3888 i WHEN CfiLLED WITH F8=l OUTPUT IS FORNfiT TED DfiTfi DUMP TO CRT. 

=3881 HFILEO: MNOV MEMHI, SNRHI 





=3817+ 


NOV 


RiitSNfffl 


OCT? A £4 


=3818+ 


NOV 


a«?l 




=3824+ 


NOV 


Rli#NEHHI 


OJi f nx 


=3825+ 


NOV 


SRl,fl 




=3828 


HNOV 


HEHLO. SHRLO 


TO ROTO 


=3844+ 


NOV 


RLISWLO 


Win rl 


=3845+ 


NOV 


R,«l 


qc,7P DQ74 


=3851+ 


NOV 


W,«MEHL0 


ftSTf) CM 
oj< i/ nx 


=3852+ 


NOV 


«l,fl 




=3855 


NHOV 


CHKSU&ZERO 


O-Jf C EH/OO 


=3868+ 


NOV 


CHKSUH,#ZERO 


V-JOv DOOJ 


=3864 


NOV 


R8,#HEXBUF 




=3865 , 








=3866 ;LDBVTE LORD NEXT BYTE FRON MEMORY INTO HEX BUFFER 




=3867 LDBYTE: CRLL 


LFETCH 


(km ro 
OJCrr ( rl 


=3868 


NOV 


A,LDRTfl 


0585 fl8 


=3869 


NOV 


ma 


OJOO xo 


=3878 


INC 


R8 


cKWf CrrCt 


=3871 


CflLL 


CHPHftS 




=3872 


JNC 


ENDFIL 


GOOD -itrfc 


=3873 


CRLL 


INCSNfl 


QfiXf) PJl 
tk>Gl> 1 o 


=3874 


NOV 


MM 


flSBF ft TOR 


=3875 


RDD 


a#-(BUFUN+HEXBUF) 


vJJK) LDOd 


=3876 


JNC 


LDBYTE 


ftSqo r\4ftft 


=3877 


CRLL 


HRECO 


cOj*f trtrc 


=3878 


JNP 


HFILEO 




=3879 








=3888 


ENDFIL END HEX FILE TRANSMISSION: 




=3881 


PRINT OUT BUFFER FOR LRST DflTfi RECORD 




=3882 


PRINT OUT CflNNED 'END-OF-FILE' RECORD 




=3883 


RETURN. 






=3884 ENDTIL: CRLL 


KRECO 


8598 B6fl7 


=3885 


JF0 


HFDONE 


859fl 34D2 


=3886 


CRLL 


TCRLFO 


859C B8RE 


=3887 


NOV 


R8,#<L0H EOFREC) 


859E F8 


=3888 ENDF1: NOV 


A,R8 


859F A3 


=3889 


HOVP 


RrM 


85fl8 CCfi7 


=3898 


JZ 


HFDONE 


85R2 B4BD 


=3891 


CflLL 


EURO 


85fi4 18 


=3892 


INC 


Re 


85A5 H49E 


=3893 


JNP 


LNDFl 


85H7 34D2 


=3894 HFDONE: CflLL 


TCRLFO 


85fl9 231R 


=3895 


NOV 


A>tCNTRLZ 


85RB B4BD 


=3896 


CflLL 


CHRRO 


85RD 83 


=3897 


RET 






=3898 







85fiE 283A3838 



=3899 
=3988 
=3981 EOFREC 



EOFREC CHRRflCTER SRTING FOR CANNED END-OF-FILE RECORD TOR 
INTEL HEX FILE FORMAT STRNDRRD. 
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I/O 


H ; END OF STRING CODE BVTE 






=3903 


SIZECHK 








0049 


=3986< SIZE 
=3987+; 


SET 7. 


t 








=3988+; ****** 












=3917 ; 












=3918 ; 












=3919 


CODEBLK 90 






WW 


=3949+ 


ORG 


1536 








=3953 ;HREC0 


HEXIDECIMRL RECORD OUTPUT SEQUENCE 








=3954 ; 


HEX BUFFER RLREADV LOflOED. 






8688 F8 


=3955 HRECO: 


nov 


A,R8 






8681 039B 


=3956 


add 


fl,#-HEXBUF 








=3957 


MMOV 


BUFCNT.fl 






8683 B941 


=3970+ 


MOV 


Ri,#6UFCNT 






8685 fll 


=39?H 


nov 


0Rl,fl 






8686 3402 


=3975 


CflLL 


TCRLFO 






8688 2328 


=3976 


NOV 


ar ' 






868n B4ED 


=3977 


CflLL 


CHHRO 






868C B617 


=3978 


JF0 


FDUMPI 






868E 233R 


=3973 


MOV 


fl,#':' 






8618 84BD 


=3980 


CflLL 


CHflRO 








=3981 


MMOV 


fl,DUFCNT 






8612 B941 


=3998+ 


HOV 


RLIBUFCNT 






8614 Fl 


=3991+ 


MOV 


A,0R1 






8615 34D6 


=3995 

=3996 FDUMPi 


CflLL 
MHOV 


BYTEO 
fblENHI 






8617 B935 


=4005+ 


MOV 


R1,#MEMHI 






8619 Fl 


=4886+ 


MOV 


A,0R1 






861R 34DB 


=4818 
=4011 


CflLL 
MMOV 


BYTEO 
AiMERLO 






861C B934 


=4820+ 


MOV 


R1,#MEML0 






861E Fl 


=4021+ 


MOV 


A,0R1 






861F 34DB 


=4025 


CflLL 


BVTEO 






8621 B628 


=4026 


JF8 


FDUMP2 






8623 27 


=4027 


CLR 


fl 






8624 34DB 


=4028 


CRLL 


BVTEO 






8626 C42C 


=4829 


JMP 


DflTO 






862C 233D 


=4838 FDUHP2: 


MOV 


ftl'=' 






862fl B4B0 


=4831 


CflLL 


CHflRO 








=4832 ;M)T0 


DATA OUTPUT 






862C B865 


=4833 DflTO: 


MOV 


R0,*EXBUF 






862E B632 


=4834 DRT01: 


JF0 


FDUMP5 






8638 C436 


=4835 


JMP 


FDUMP3 






8632 2328 


=4836 FDUHP5: 


MOV 


d#' ' 






8634 B4BD 


=4837 


CflLL 


CHflRO 






8636 F8 


=4838 FDUHP3: 


MOV 


A* 0R0 






8637 34DB 


=4839 


CflLL 


BVTEO 






8639 18 


=4841 


INC 
HDJNZ 


R0 

BUFCNL DflTOl 






863A B941 


-AOACa. 


MOV 


RLIBUFCNT 






863C Fl 


=4047+ 


MOV 


R,0R1 






863D 07 


=4051+ 


DEC 


A 
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LOC ODJ 



LINE 



SOURCE SIRTEHENT 



863E Rl 
063F %2E 



8641 B64S 

8643 FD 

8644 37 

8645 17 

8646 34DB 
8648 83 

884S 



B1D2 

81D2 238D 
81D4 G4BD 
81D6 238R 
BIDS B4B0 
81DR 83 



810B 

81DB fifi 
81DC 6D 
81DD RD 
81DE FR 
01DF 47 
81E8 B4CB 
01E2 FR 
81E3 B46B 
81E5 83 



81E6 

81E6 538F 
81E8 83F6 
01EB F6EF 
81LC 033R 
81EE 83 
81EF 8341 



=4856+ NOV H&R 

=4860+ JNZ DflTOl 

=4062 ; 

=4063 iENOREC END RECORD BEING TRRNSHITTED 



FDUNP4 
flCHKSUH 
fl,CHKSUH 

R 
R 

BVTEO 



=4064 ENDREC: JF8 

=4065 mov 

=4881+ NOV 

=4885 CPL 

=4886 INC 

=4887 CRLL 

=4088 FDUHP4: RET 

=4889 SIZECHK 

=4892+ SIZE SET 73 
=4093+; 

=4894+; **************** 
=4183 ; 

=4104 CODECLK 9 

=4114+ ORG 466 

=4118 ;TCRLFO TAPE <CR><LF> OUTPUT 



=4119 TCRLTO: 

=4120 

=4121 

=4122 

=4123 

=4124 

=4127+ SIZE 
=4128+; 
=4123+; ****** 
=4138 ; 
=4139 
=4149+ 
=4153 ;BSTEO 
=4154 BYTEO: 
=4155 
=4156 
=4157 
=4158 
=4159 
=4168 
=4161 
=4162 
=4163 
=4166+ 
=4167+. 



R.tCltflRCR 
CHflRO 
R,#CHRRLF 
CHRRO 



NOV 

CRLL 

NOV 

CRLL 

RET 

SIZECHK 
SET 9 



CODEBLK 11 

ORG 475 
BVTE OUTPUT 



SIZE 



NOV 
RDD 
NOV 
NOV 
SW 
CRLL 
NOV 
CRLL 
RET 

SIZECHK 
SET 11 



LDRTR,R 
fl/CHKSUH 
CHKSUHR 
R.LDRTR 
R 

NIDO 
RjLDRTR 
NIBO 



=4168+, 
=4177 

=4178 CODEBLK 12 

=4188+ ORG 486 

=4192 ;HEXRSC HEXIDEC1HRL NIBBLE TO ASCII CHRRRCTER CONVERSION. 
=4193 leXRSC. RNL R,#0FH 
R,#(-10) 
HEXNIB 
fU<10+'8'> 



=4194 
=4195 
=4196 
=4197 



ROD 
JC 
RDD 
RET 



=4198 HEXNIB. RDD R,#<'fl') 
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LOC OBJ 
81F1 83 



84C9 



84C9 B927 
84CB Fl 
84tt B945 
84CE fll 

84CF B926 

8401 Fl 

8402 AS 

8403 8407 
8405 8988 
84D7 ESD7 

8409 8945 
8408 Fl 
840C 87 
8400 Rl 
840E 9605 
84E8 83 

8818 



SOURCE STATEMENT 
RET 

SIZECHK 
SET 12 



LINE 

=4199 
=4288 

=4283+ SIZE 
=4284+; 
=4285+;***** 
=4214 ; 
=4215 ; 

=4216 DECLARE BITSO, CONST 

=4238 BITSO EQU 11 
=4231 ; 

=4232 CODEBLK 38 

=4252+ ORG 1225 
=4256 ;HBOLRY HALF-BIT TINE DELAY 

=4257 HBDLAV: NNOV H.HBITHI 

=4273+ NOV RLIHBITHI 

NOV A,8R1 

NOV Ri,#H 

NOV 8R1,A 

HHOV Rl, HBITLO 

NOV RL IHBITLO 

NOV fl.- £Ri 

MOV Ri> R 

JNP HBD1 

NOV Rl,#8 

DJNZ R1,HB01 

HDJNZ H-HBD2 

NOV Rl, #H 

NOV A-8R1 

DEC A 

NOV 8R1,A 

JNZ HB02 
RET 

SIZECHK 
SET 24 



;DRTA BITS FUT OUT (INCLUDING TWO STOP BITS) 



=4274+ 
=4288+ 
=4281+ 
=4284 
=4388+ 
=4381+ 
=4314+ 
=4317 
=4318 HB02 
=4319 KB01 
=4328 
=4325+ 
=4326+ 
=4338+ 
=4335+ 
=4339+ 
=4341 
=4342 
=4345+ 
=4346+; 
=4347+; 
=4356 ; 
=4357 $EJEC1 



SIZE 
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LOC OBJ 



LINE SOURCE STATEMENT 





=4358 


COOEBLK 


48 


85BB 


=4383+ 


ORG 


1467 




=4387 iNIBO 


MASK flCC TO HAKE HEX NIBBLE, TRANSLATE TO ASCII AND OUTPUT 


0588 34E6 


=4388 NIBO: 


CALL 


HEXASC 




=4389 ; 








=4398 jCKflRO 


CONSOLE OUTPUT SUBROUTINE 




=4391 ; 


WRITES TIC CONTENTS OF THE ACC TO TIC CRT OISPLAV SCREEN 




=4392 CHflRO. 


HMOV 


REGCA 


8580 BS44 


=4485+ 


MOV 


RLIREGC 


B5BF m 


=4486+ 


MOV 


8Ri,A 




=4418 


MMOV 


B, BITSO ; SET NUMBER OF BITS TO BE TRANSMITTED 


85C8 B943 


=44a+ 


NOV 


Rl,#8 


85C2 B18B 


=4422+ 


NOV 


8R1, #81 ISO 


95C4 97 


=4426 


CLR 


C i CLEAR CARRV 


85C5 F6C8 


=4427 C01: 


JC 


C02 


85C7 99BF 


=4428 


fiNL 


PLtNOT TTVOUT 


85C9 A4CF 


=4429 


JMP 


C03 


85CB 8948 


=4438 C02: 


ORL 


PI, ITTVOUT 


85CD 88 


=4431 


NOP 


i EVEN OUT TWO BRANCH EXECU1 ION TINES 


85CE 88 


=4432 


NOP 




85CF 34C9 


=4433 C03: 


CALL 


I60LAV 


8501 94C9 


=4434 


CALL 


HBOLAV 


85D3 97 


=4435 


CLR 


C ;SET WHAT WILL EVENTUAU.V BECOME A STOP BIT 


8504 R7 


=4436 


CF1 


C 




=4437 


HRRC 


REGC ; ROTATE CHARACTER RIGHT ONE BIT, 


8505 B944 


=4442+ 


NOV 


RLtREGC 


85D7 Fi 


=4443+ 


NOV 


R,«?l 


85DS 67 


=4447+ 


RRC 


A 


85D9 fil 


=4452+ 


NOV 


8RLA 




=4455 




iS MOVING NEXT DATA BIT INTO CARRV 




=4456 


HOJNZ 


B,C01 ; CHECK IF CHARACTER (AND STOP B1T(S» DONE 


85Dfi B943 


=4461+ 


NOV 


RL«B 


85DC Fl 


=4462+ 


NOV 


n,m 


8500 87 


=4466+ 


OEC 


A 


85DE Al 


=4471+ 


NOV 


8R1>A 


85DF 96C5 


=4475+ 


JNZ 


C01 


85E1 83 


=4477 


RET 






=4478 


SIZECHK 




8827 


=4481+ SI2E 


SET 39 




=4482+; 
=4483+; ****** 








=4492 ; 








=4493 


COOEBLK 47 


8649 


=4523+ 


ORG 


1689 




=4527 jCIN 


CONSOL INPUT SUBROUTINE WAITS FOR A KEYSTROKE AND 




=4528 ; 


RETURNS WITH 8 BITS IN REG ACC. 


8649 B943 


=4529 CIN: 


NOV 


RL*8 


864B B188 


=4538 


NOV 


8R1,«C ;DATA BITS 10 BE READ 


8640 4640 


=4531 CI8: 


JNT1 


CIS 


864F 464D 


=4532 


JNT1 


CIS 


8651 5651 


=4533 Ml: 


JT1 


CI1 


8653 5651 


=4534 


JT1 


Cli 


8655 94C9 


=4535 


CALL 


HEOLAV 


8657 5651 


=4536 


JT1 


CI1 


8659 94C9 


=4537 CI2: 


CALL 


HBDLAS 1 
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865F 9? 


=4548 


CLR 


C ; DATA BIT IN CY 


8660 C465 


=4541 


JMP 


CI4 


8662 9? 


=4542 CI3: 


CLR 


C 


8663 fl7 


=4543 


CFt 


C 


0664 08 


=4544 


NOP 


iEVEN OUT BRUNCH EXECUTION TINES 


8665 08 


=4545 CI4: 


NOP 




0666 08 


=4546 


NOP 




066? 08 


=4547 


NOP 






=4548 


MRRC 


REGC 


0668 B944 


=4553+ 


NOV 


Ri,#REGC 


066A ri 


=4554+ 


NOV 


R,«?l 


866B 67 


=4558+ 


RRC 


fl 


866C fll 


=4563+ 


NOV 


m,f\ 




=4566 


NDJNZ 


B,CI2 


066D B943 


=4571+ 


NOV 


RLW 


8G6F Fl 


=4572+ 


NOV 


A,8R1 


0670 07 


=4576+ 


DEC 


fl 


0671 ftt 


=4581+ 


NOV 




0672 9659 


=4585+ 


JNZ 


CI2 




=4587 


HNOV 


ft REGC 


0674 B944 


=4596+ 


NOV 


RLIREGC 


0676 Fl 


=4597+ 


NOV 


fl< 0R1 


8677 83 


=4601 


RET 


;OHRflCTER COMPLETE 




=4682 


SI2ECHK 


082F 


=4685+ SIZE 


SET 


47 




=4606+; 
=4687-1;****** 
=4616 $EJECT 








******* 
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LOC OBJ 



LINE 



SOURCE SlfiTEKENT 





4617 t 


INCLUDE<:r-0:MEHREF.MOD) 




=4618 




CODEBLK 15 


02E5 


=46334 




ORG 


741 




=4637 ; COMFIL 


COMMAND TO FILL HOORESS SPflCE BE1HEEN SMfl AND ENR KITH 




=4638 ; 




IN LOW BYTE OF MEM. 




=4639 COMFIL: 


MHOV 


LDflTfl, MEMLO 


82Eb 8934 


=4655h 




MOV 


RtUCMLO 


82E7 Fi 


=4656+ 




MOV 


fl,SRl 


02E8 Aft 


=4669+ 




MOV 


LDfllfl,fl 


82E9 F488 


=4672 LriLL: 


CflLL 


LSTORE 


82EB B4E2 


=4673 




CftLL 


CMPMftS 


82ED E6F3 


=4674 




JNC 


LFILLi 


82EF 34F2 


=4675 




CftLL 


INCSMfl 


82F1 44E9 


=4676 




JMP 


LF ILL 


82F3 83 


=4677 LFILLi: 


RET 






=4678 




SIZECHK 




889F 


=4681+ 


SIZE 


SO 15 




=4682+ 
=4683+ 


****** 








=4692 








=4693 




CODEBLK 4 


88FC 


=4698+ 




ORG 


252 




=4782 ; LFETCH 


FETCHES CONTENTS OF LOGICflL MEMORY RDDRESS DETERMINED 




=4703 i 


<TVPE>,<SMAHI>, i GKALO> INTO aDRTfl>. 


88FC D478 


=4704 LFETCH: 


CflLL 


flFETCH 


88FE HA 


=4785 




MOV 


LDflTfl, ft 


08FF 83 


=4786 
=4787 




RET 

SIZECHK 




0094 


=4718+ 
=471H 


SIZE 


SET 4 






=4712+ 










=4721 










=4722 




CODEBLK 75 


9678 


=4752+ 
=4756 




ORG 


1656 




=4757 


flFETCH LOGICflL FETCH SUBROUTINE 




=4758 




FETCHS CONTENTS OF VRRIOUS MEMORY SPflCES TO RCC. 




=4759 AFETCH: 


MMOV 


A, TYPE 


0678 B937 


=4768+ 




MOV 


Ri,#TVF£ 


067ft Fi 


=4769+ 




MOV 


fl,8Rl 


067B 037E 


=4773 




ADD 


A,#LOH LFETBL 


067D B3 


=4774 
=4775 




JMPP 


Pfl 


067E 84 


=4776 LFETBL: 


DB 


LOU LFEHI 


067F 98 


=4777 




DB 


LOW LFEDM 


0688 9C 


=4778 




DB 


LOU LFEREG 


0681 R9 


=4779 




DB 


LOU LFEINT 


0682 81 


=4788 




DB 


LOU LFEBRK 


8683 Bl 


=4781 




DB 


LOU LFEBRK 




=4782 ; 








=4783 LFEPM: 


MMOV 


dSMAHI 


8684 B931 


=4792+ 




MOV 


Rl,iSHRHI 


0686 FI 


=4793+ 




MOV 


R.CR1 


0687 9698 


=4797 




JNZ 


LFEDM 




=4798 




MMOV 


A,SMflLO 
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LOC OBJ 


LINE 


SOURCE STATEMENT 


8689 B938 


=4887+ 


nUY 


ch ion n 

Kit »DnnLU 


86CB Fl 


=4888+ 


nut 


fl. MM 


86SC 83E9 


=4812 


ITUV 


lU W UVJiLL 


868E F698 


=4813 


ir 


t FFTsM 
LrCLTI 




=4814 


muv 


fl \w>j n 


8698 B938 


=4823+ 


MOV 


D4 §TMOI f j 
Mi KHTTrfLU 


8692 Fi 


=4824+ 


MOV 


fl MM 


8693 834E 


=4828 


nuv 


rb ffuVDUr 


8695 H9 


=4829 


MTtU 
nur 


01 fl 

Kl> H 


8696 Fl 


=4838 






8697 83 


=4831 


Kt 1 




8698 94E1 


=4832 LFEDfl: 


L-nLL 


LrVOLL 


869R 81 


=4833 




fl MM 

rii era 


869B 83 


=4834 


W.T 

ra.i 






=4835 ; 








=4836 LFEREG 




fl, on n 


869C B938 


=4845+ 


MOV 


lm ton n 


869t Fi 




nUY 


fl MM 
rb PM 


869F 537F 


=4858 




fl uh inmn : ruprv 7 1 i flu 7 P: i =m 


86A1 C6R5 


=4851 




t f-FPfl 


86R3 E4B7 


=4852 


IMP 

jnr 


t-rrt 1 




=4853 ; 








=4854 LFER8: 


MMOU 


fl rPPfl 


86fl5 B923 


=4863+ 


KrtU 
nuT 


(M ITPPfl 

KXj KTRO 


86A7 Fl 


=4864+ 




fl MM 


86R8 83 


=4868 


OCT 
Kt 1 






=4869 ; 








=4878 LFEINT 


riTUT 


fl c-wftj n 

ru -rflnLU 


86R9 B938 


=4879+ 


nur 


kxj w^nricu 


86fl8 Fl 




MOV 


R,SR1 


86flC 8328 


=4884 


ADD 


atEPRCC 


86ft PS 


=4885 


MOV 


Rtfi 


86flF Fl 


-*tOOD 


NOV 


R,m 


86B8 83 


=4887 


RET 






=4888 ; 








=4889 ;LFEBRK LOGICRL FETCH OT BREflK-POINT DATA 


86B1 94E1 


=4898 LFEBRK 


CfLL 


LPGSEL 


86B3 99F7 


=4891 


RNL 


PttNOT 888818888 


86B5 8988 


=4892 


ORL 


PI, 1888818886 


86B7 99FD 


=4893 


RNL. 


PttNOT 888888188 


86B9 8981 


=4894 


ORL 


PI, #888888818 


8686 81 


=4895 


mvx 


R,8R1 


86BC 2381 


=4896 


nov 


ft/ #8iH 


86BE 86C1 


=4897 


JNI 


LFEBRl 


86C8 27 


=4898 


CLR 


fl 


86C1 83 


=4899 LFEBR1: 


RET 






=4988 


SIZECHK 




Will 


=4983+ SI2E 


SET ?4 




=4984+; 
=4385+, ****** 








=4914 $£JECT 
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LOC OBJ 



LINE 



SOURCE STATEMENT 



0788 



8788 8927 

8782 Fi 

8783 8386 
8785 B3 

0786 8C 
8707 21 

0788 26 

0789 34 
878ft 30 
878B 3D 



878C B931 
878E Fl 
878F 9621 

8711 F3938 

8713 Fl 

8714 83E9 
8716 F621 

8718 8938 
07M Fl 
871B 834E 
071D fl9 
071E FA 
071F ftt 
0728 83 

0721 94E1 

0723 TR 

0724 91 
8725 83 



0726 8938 

8728 Fl 

8729 537F 
8728 C62F 
872D E4C3 



872F FA 
8738 B923 
8732 ftt 
0733 83 



=4915 

=4950+ 

=4954 i 

=4955 iLSTORE 

=4956 > 

=4957 LSTORE: 

=4966+ 

=4967+ 

=4971 

=4972 

=4973 i 

=4974 LSTTBL: 

=4975 

=4976 

=4977 

=4978 

=4979 

=4980 ; 

=4981 L5TPH: 

=4990+ 

=4991+ 

=4995 

=4996 

=5085+ 

=5086+ 

=5810 

=5011 

=5812 

=5021+ 

=5022+ 

=5826 

=5027 

=5028 

=5029 

=5030 

=5031 ; 

=5032 LSTDH: 

=5033 

=5834 

=5035 

=5036 ; 

=5037 LSTREG: 

=5046+ 

=5847+ 

=5851 

=5052 

=5053 

=5054 ; 

=5855 LSTR8: 

=5078+ 

=5884+ 

=5085+ 



CODCBLK 85 
ORG 1792 

LOGICAL STORE SUBROUTINE 

STORES CONTENTS OF LDATA INTO VRRIOUS HEHORV SPACES. 



HHOV 
NOV 
NOV 

ADD 

JNPP 

DC 
DB 
D6 
DB 
DB 
DB 

NMOV 
NOV 
NOV 

JNZ 

hhov 

NOV 
NOV 

ADD 

JC 

NMOV 
NOV 
NOV 

ADD 

NOV 

NOV 

NOV 

RET 

CALL 
NOV 
HOVX 
RET 

HHOV 
NOV 
NOV 

ANL 

JZ 

JMP 

HHOV 
NOV 
HOV 
NOV 

RET 



A, TYPE 

R1,#TVPE 

A,0R1 
A,#LOH LSTTBL 

en 

LOU LSTPH 
LOU LSTDM 
LOU LSTREG 
LOU LSTIN1 
LOU LSTBRK 
LOU LSTBRK 

A, SHAHI 

RLtSHAHI 

A,0R1 
LSTDH 
aSNRLO 

R1,#SHAL0 

fl0Rl 
A,#-OVSIZE 
LSTDH 
AiSHRLO 

RL ISHRLO 

A.8R1 
A-iOVBUF 
RLA 
(ILDfiTA 
SRI* fl 



LPGSEL 
fl/ LDATR 
0R1.A 



A, SHRLO 

RLKHALO 

A, MM. 
A, 1811111116 
LSTR8 
EPSTOR 

EPR8.LDATA 
A, LDATA 
RLKPR0 
«l,fl 



i CHECK IF LOU ORDER BITS = 8 



=5089 i 
=5098 LSTINT : 



HHOV A.SHALO 
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otx ri 


=3188+ 


HOV 


Aj 8R1 




8737 8328 


=5184 


HOD 


R,IEPflCC 




8739 fl9 


=5185 


HOV 


RLfi 




873R FR 


=5186 


MOV 


(ILDRTR 




873B fll 


=5187 


NOV 


8Ri> R 




873C 83 


=5188 
=5189 ; 


RET 








=5118 ;LSTBRK 


LOGICRL 


STORE OF BRERK-POI 


NT DRTR 


8730 94E1 


=5111 LSTBRK: 


CRLL 


LPGSEL 




873F F(1 


=5112 


HOV 


R,LDRTR 




8748 1246 


=5113 


JB8 


LSTBRI 




8742 8981 


=5114 


ORL 






8744 E448 


=5115 


JNP 


LSTBR2 




8746 99FE 


=5116 LSTBRi: 


RNL 


Pl,#NOr 88888881B 




8748 99F7 


=5117 LSTBR2: 


RNL 


PI; #NOT 868818886 




8740 81 


=5118 


KOVX 






8748 8988 


=5119 


ORL 


Pi ftOOOQlOQQO 




874D 83 


=5128 
=5121 


RET 

SIZECHK 








=5124+ SIZE 


SET 78 






=5125+; 
=5126+;****** 
=5135 ; 


















=5136 


CODEBLK 17 




84E1 


=5156+ 


ORG 


1249 






=5168 ; LPGSEL 


LOGICAL PRGE SELECT. 






=5161 ; 


SETS UP PORT 2 TO ADDRESS APPROPRIATE GVTE OF RAH BLOCK. 




=5162 LPGSEL: 


NNOV 


flTVPE 




84E1 B937 


=5171+ 


HOV 


Ri, tl\V£ 




84E3 Fl 


=5172+ 


HOV 






84E4 5381 


=5176 


RNL 


MOOOCCOOIB 


;HRSK OFT DHTR TVPE SELECTOR BIT 


84E6 47 


=5177 


smrp 


R 






=5178 


HORL 


RiSHRHI 




84E7 B931 


=5184+ 


HOV 


RJjISHRM 




84E9 41 


=5185+ 


ORL 


fim 




84ER 4348 


=5189 


ORL 






84EC 3fl 


=5198 


OUTL 


P2,fl 






=5191 


HHOV 


aSHRLO 




84ED B938 


=5288+ 


HOV 


Rl,#SHflLO 




84EF Fl 


=5281+ 


HOV 


fl,«l 




84F8 R9 


=5285 


HOV 


Rl> R 




84F1 83 


=5286 
=5287 


RET 

SIZECHK 






8811 


=5218+ SIZE 


SET 17 






=5211+ ; 










=5212+; ****** 










=5221 i 










=5222 tCJECT 
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LOC OBJ LINE SOURCE STATEMENT 





=5223 




CODEBLK 11 


01F2 


=5233+ 




ORG 


498 




=5237 jINCSMA 


INCREMENT STARTING MEMORY ADDRESS WORD. 


81F2 B930 


=5238 INCSMA: 


MOV 


Rl,#SMALO 


81F4 11 


=5239 INCH: 


INC 


0R1 


81F5 Fl 


=5240 




MOV 


A,0R1 


01F6 96FC 


=5241 




JNZ 


INCW1 


01F8 19 


=5242 




INC 


Rl 


01F9 Fl 


=5243 




MOV 


a§Ri 


81Ffl 17 


=5244 




INC 


A 


01FB 31 


=5245 




XCHD 


A, SRI 


01FC 83 


=5246 INCH1: 


RET 






=5247 




SIZECHK 


0806 


=5250+ 


SIZE 


SET 


11 




=5251+ 
=5252+ 
=5261 


















=5262 




CODEBLK 12 


82F4 


=5277+ 




ORG 


756 




=5281 iDECSMA 


DECREMENT SMA WORD. 


82F4 B930 


=5282 DECSMA: 


MOV 


W,#SMALO 


82F6 Fl 


=5283 




MOV 


nm 


82F7 87 


=5284 




DEC 


A 


02F8 21 


=5285 




XCII 


A,0R1 


82F9 96FF 


=5286 




JNZ 


DECSW 


02FB 19 


=5287 




INC 


Rl 


02FC Fl 


=5288 




MOV 




82FD 07 


=5289 




DEC 


A 


02FE 31 


=5290 




XCHD 


A,0R1 


82FF 83 


=5291 DECSW: 


RET 






=5292 




SIZECHK 


800C 


=5295+ 


SIZE 


SET 


12 




=5296+ 
=5297+ 
=5386 


















=5307 




CODEBLK 15 


85E2 


=5332+ 




ORG 


1586 




=5336 


CHPMflS 


COMPARE MEMORY ADDRESSES 




=5337 




COMPARE SMA BVTES WITH EMA BYTES TO DETERMINE RELATIVE MAGNITUDE. 




=5338 




RETURNS WITH CHRRY=i IFF <SMA> >= <EHA>. 




=5339 




IS CALLED AFTER ACTION HAS BEEN PERFORMED ON <SMA> TO DETERMINE IF 




=5348 




TASK IS COMPLETED: 




=5341 




IF CY=8 THEN <SMA> >= <EMA> => TERMINATE TASK. 




=5342 




IF CY=1 THEN <SMA> < <EMA> => INC SMA AND REPEAT. 




=5343 CMPMAS: 


MMOV 


fliSMALO 


05E2 B938 


=5352+ 




MOV 


Rl,#SMALO 


85E4 Fl 


=5353+ 




MOV 


A,0R1 


05E5 37 


=5357 




CPL 


A 




=5358 




NADD 


AiEMALO 


05E6 B932 


=5364+ 




MOV 


Rl, KMALO 


85E8 61 


=5365+ 




ADD 


fl, 0R1 




=5369 




MMOV 


AiSMAHI 


85E9 B931 


=5378+ 




MOV 


RLISMRHI 


85EB Fl 


=5379+ 




MOV 


ft/ £Ri 


85EC 37 


=5383 




CPL 


fl 
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LOC OBJ 



LINE 



SOURCE STRTEMENT 



=5384 HflODC R, EMHHI 

85ED BS33 =5398+ MOV Ri, IBMU 

85EF 71 =539H ROOC (18R1 

85F8 83 =5395 CJPRET: RET 

=5396 S1ZECHK 

888F =5399+ SIZE SET 15 

=5488+; 

=5481+; *WWW«W*«**«(=t*»Wt«»«*««t*«**ttt«»tt»****|:tt 

=5418 $EJECT 
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IOC OBJ LINE SOURCE STATEMENT 





5411 t INCLUDE (:F8:KBD. MOD) 






=5412 


CODCBLK 188 




874E 


=5447+ 
=5451 ; 


ORG 


1878 






=5452 i 


KEYBOARD RND DISPLAV PROCESSING ROUTINE 




=5453 ; 


CALLED PERIODICALLV HHLN KBD AND DISPLAV ARE 10 BE ALIVE. 


874E 05 


=5454 TIINT: SEL 


RBI 






=5455 


HMOV 


ASRVLA 




874F B93E 


=5468+ 


MOV 


R1,«ASAVE 




8751 Rl 


=5469+ 


MOV 


8R1.A 




8752 22F8 


=5473 


MOV 


a#(-i8H) 




8754 62 


=5474 


MOV 


t,a 


; RELOAD TIMER INTERVAL 


8755 27 


=5475 


CLR 


A 




8756 3E 


=5476 


MOVD 


PSEGHI.R 


; WRITE BLANK PATTERN TO SEG DRIVERS 


8757 30 


=5477 


MOVD 


PSEGL0,A 




8758 FD 


=5478 


MOV 


A/CURDIG 




8753 87 


=5479 




A 




8750 3F 


=5488 


MOVD 


r i/iui n 


> LnCJ\ul£L btWoKrlEK 


875B 8C 


=5481 


MOVD 


A,PINPUT 


,-LOAD ANY SWITCH CLOSURES 


875C AA 


=5402 
=5483 


MOV 


ROTPALA 


; WRITE NEXT SEGMENT PATTERN 


875D FD 


— <J*TO*t 


MOV 


R.CURDIG 




875E 87 


=5485 


DEC 


A 




A?5T aiAf, 


=5486 


ADD 


A. tSEGMAP 


; ADD CURDIG D1SPLACMENT TO BASE 


8761 A8 


=5487 


MOV 


R8,A 




8762 F8 


=5488 


MOV 


n,<m 


i LOAD ACC W NEXT SEGMENT PATTERN 


8763 3D 


=5489 


MOVD 


PSEGL0,A 


; ENABLE APPROPRIATE SEGMENTS 


8764 47 


=5496 


SWAP 


A 




8765 3E 


=5431 
=5432 


MOVD 


PSEGHLA 






=5433 
=5494 










THE NEXT CHARACTER IS NOW BEING DISPLAYED. 




=5495 


THE KEYBOARD SCAN ROUTINE IS INTEGRATED INTO THE DISPLAY SCAN 




=5496 
=5497 
=5438 


WITH THE CURRENT ROW ENERGIZED, CHECK IF THERE ARE ANY INPUTS. 












=5499 


ROTATE BITS THROUGH THE CY WHILE INCREMENTING KEYLOC. 




=5588 








8766 6884 


=5501 


MOV 


R0TCNT,*NCOLS 


i SET UP FOR <NC0LS> LOOPS THROUGH 'NXTLOC' 




=5582 NXTLOC: MRRC 


ROTPAT 




8768 Ffl 


=5514+ 


MOV 


A.R0TPAT 




8769 67 


=5518+ 


RRC 


A 




876A AA 


=5529+ 


MOV 


ROTPALA 




876B F688 


=5532 


JC 


SCAN5 


;ONE BIT IN CY INDICATES KEY NOT DOWN 


876D BE81 


=5533 
=5534 


MOV 


KEVFLG,#i 


;MRRK THAT AT LEAST ONE KEY WAS DETECTED 
i\ IN THE CURRENT SCAN 




=5535 
=5536 
=5537 










A KLSSfROKE WAS DETECTED FOR THE CURRENT COLUMN. ITS 




=5538 
=5539 


i POSITION IS IN REGISTER KEVLOC. SEE IF SAME KEY SENSED LAST CYCLE. 




=5548 










=5541 


MMOV 


A, KEYLOC 




876F BS3C 


=5558+ 


MOV 


Rl, IKEYLOC 




8771 Fl 


=5551+ 


MOV 


A,8Ri 
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mi dc 

8774 C67C 



=5556 
=5557 



XRL 
JZ 



fl, LflSTKY 
SCflN3 



8776 B93D 
8778 B186 
877A E488 



877C B930 
877E Fl 
877F C68B 

8781 87 

8782 B93D 

8784 fil 

8785 S68B 

8787 FC 
0738 B93B 
878R m 

878B B93C 
8780 11 
878E EC6G 
8738 EMS 
8792 BD88 



8794 B93C 
8796 E188 

8798 FE 

8799 9C9D 

879B BCFF 
879D BE88 



=5559 
=5568 
=5561 
=5562 
=5563 
=5564 
=5565 
=5566 
=5567 
=5568 
=5569 
=5578 
=5571 
=5572 
=5573 
=5574 
=5575 SCAN3: 
=5584+ 
=5585+ 
=5589 
=5598 
=5591 
=5684+ 
=5685+ 
=5689 
=5618 
=5633+ 
=5639+ 
=5648+ 
=5643 i 
=5644 SCAN5: 
=5645 
=5646 
=5647 
=5648 
=5649 
=5658 
=5651 
=5652 
=5653 
=5654 
=5655 
=5666+ 
=5667+ 
=5671 
=5672 
=5673 
=5678+ 
=5682 SCANS 
=5683 i 
=5684 i ***• 



fl DIFFERENT KEY MAS READ ON THIS CYCLE THflN ON THE PREVIOUS CYCLE. 
SET NREPTS TO THE DEBOUNCE PARAMETER FOR fl NEW COUNTDOWN. 



NOV 
NOV 
JMP 



Ri,#NREPTS 

gRl,#6 

SCflNS 



SflME KEY HflS DETECTED 3S ON PREVIOUS CYCLE 
LOOK AT NREPTS: IF ALREADY ZERO, DO NOTHING. 
ELSE DECREMENT NREPTS. 

IF THIS RESULTS IN ZERO, MOVE LflSTKY INTO KBDBUF 



MMOV A, NREPTS 

MOV R1,INREPTS 

MOV A, SRI 

JZ SCAN5 

DEC A 

MMOV NREPTS, fl 

MOV Rl, INREPTS 

MOV eRi,A 

JNZ SC0N5 

MMOV KBDBUF, LASTKV 

MOV A, LflSTKY 

MOV Rl, IKBDBUF 

MOV 0R1,A 



; IF ALREADY ZERO 

i INDICATE ONE MORE SUCCESIVE KEY DETECTION 



; IF DECREMENT DOES NO! RESULT IN ZERO 
;T0 MflRK NEW KEY CLOSURE 



MOV R1,#KEVL0C 

INC m 

DJNZ ROTCNT, NXTLOC 

DJNZ CURDIG, TIRET1 

MOV CURDIG, #CHARNO 



************ 



Ml t«<*»»<*»l'»M*l»< 

THE FOLLOWING CODE SEGMENT IS USED BY THE KEYBOARD SCANNING ROUTINE. 
IT IS EXECUTED ONLY AFTER R REFRESH SEQUENCE IS COMPLETED 



MMOV 
MOV 
MOV 

MOV 

JNZ 

MMOV 
MOV 

MOV 



KEYLOC, ZERO 
R1,#KEVL0C 
9RL#ZER0 

fl,KEYFLG 

SCRN8 

LflSTKV, NEG1 

LAS1KY, 
KEYFLG, #8 



;JUMI' IF ANY KEYS WERE DETECTED 

; CHANGE <LASTKV> WHEN NO KEYS ARE DOWN 
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LOC 


OBJ 


LIfC 




SOURCE STRTEMENT 






=5685 . 












=5686 




KBD/DISP RETURN CODE- RESTORES SVSTEM STATUS. 






=5687 




MMOV 


A, RDELAY 


873F 


B93F 


=5696+ 




MOV 


m, masN 


07111 


Fl 


=5697+ 




MOV 


%m 


07fl2 


CGA8 


=5701 




JZ 


TIRETl 


a7fw 


87 


=5782 




DEC 


A 






=5703 




MMOV 


RDELAV, fl 


07R5 


B93F 


=5716+ 




MOV 


RL #RDELflS' 


07A7 


fll 


=5717+ 




MOV 


8Ri,R 






=5721 TIRET1 


MMOV 


fl, fiSAVE 


87R8 


B93E 


=5730+ 




MOV 


Rl,#ASflVE 


97flfi 


Fl 


=5731+ 




MOV 


&Nt 


87RB 


33 


=5735 




RETR 








=5736 












=5737 












=5738 


TOFPOL TIMER OVERFLOW POLLING SUBROUTINE. 






=5739 




CflLLED REPEATEDLY FROM WHEREVER K8D/DISP MUST BE ALIVE. 






=5748 




MONITORS TIC TIMER OVERFLOW FLAG (TOF) AND CALLS SERVICE 






=5741 




ROUTINE WHEN APPROPRIATE. 


87RC 


164E 


=5742 TOFPOL 


JTF 


HINT 


(JTITE 


33 


=5743 




RET 








=5744 




SIZECHK 




0061 




=5747+ 


SIZE 


SET 97 






=5743+ 












=5749+.; ************** 


>*****************«************«************ 






=5758 JEJECT 
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LOC OBJ 


LINE 




SOURCE STATEMENT 




=5759 




COOEBLK 17 


86C2 


=5789+ 




ORG 1738 




=5793 i 








=5794 , 


KBOIN 


KEYBOARD INPUT SUBROUTINE. 




=5795 , 




RETURNS ONLV RFTCR fi NEW KEVS1R0KE HBS BEEN DETECTED AND DEBOUNCEO. 




=5796 , 




VRLUE OF KEV POSITION IN SWITCH MATRIX IS 




=5797 , 




RETURNED IN THE ACCUMULATOR. 




=5798 . 




DISPLflV CHARACTER NOU ON BLANKED BEFORE RETURNING. 


0GC2 BF03 


=5799 KBOIN: 


Nov mm, #3 


86C4 7401 


=5880 




CALL XPTEST 


86C6 F4AC 


=5301 KBDI1: 


CALL TOFPOL 




=5802 




MMOV A, KBDBUF 


eccs bssb 


=58iH 




MOV R1,#KBD6UF 


06Cfl Fl 


=5812+ 




MOV ti m 


86CB F2C6 


=5816 




JB7 KBDI1 


06CD 27 


=5817 




CLR A 


86CE 3E 


=5818 




MOVD PSEGHLfl 


86CF 30 


=5819 




MOVD PSEGLO,R 


6CO0 37 


=5828 




CPL A 


0601 il 


=5821 




aLH rt, PK1 


86D2 83 


=5822 




RET 




=5823 




5IZECHK 


0011 


=5826+ 


SIZE 


SET 17 




=5827+ 








=5828+ 






=5837 








=5838 




CODEBLK lb 


85F1 


=5863+ 




ORG 1521 




=5867 


i CLERR 


WRITES 'BLANK' CHARACTERS INTO ALL DISPLflV REGISTERS 




=5868 




RETURNS WITH NEXTPL SET TO LEFTMOST DifiRACTER POSH ION 




=5869 




DOES NOT RFFECT ACC OR CV. 


05F1 m6 


=5870 CLERR: 


MOV R0,#SEGMAP 


95F3 B988 


=5871 




MOV R1,#CHARN0 


85F5 B090 


=5872 DBLANK 


MOV m,W ; STORE THE BLANK CODE 


85F7 18 


=5873 




INC R8 ; POINT TO NEXT CHARACTER TO THE LEFT 


05F8 E9F5 


=5874 




DJNZ RL DBLfiNK 




=5875 




MMOV NEXTPL, CHflRNO 


05Ffi BS3A 


=5886+ 




MOV Rl, #NEXTPL 


85FC G103 


=5887+ 




MOV «i,#CHRRNO 


85FE 33 


=5891 




RET 




=5892 




SIZECHK 


088E 


=58951 


SIZE 


SET 14 




=5896+ 








=5897+ 








=5906 








=5987 




CODEBLK 44 


0603 


=5937+ 




ORG 1747 




=5941 ;DSPACC DISPLAV VALUE OF LOW NIBBLE OF HCC 


0603 530F 


=5942 OSPflCC 


ANL fl,l0FH 


0605 33EF 


=5943 




ADD A, #DGPATS 


0607 A3 


=5944 




MOVP fl,efl 




=5945 


WDISP 


WRITES BIT PfllTERN NOW IN ACC INTO NEXT CHARACTER POSITION 




=5946 




OF THE DISPLAV (NEXTPL). INCREMENTS NEXTPL 




=5947 




RESULTS IN DISPLAV BEING FILLED LEFT TO RIGHT, 1KEN RESTARTING 


8608 flE 


=5948 WDISP: 


MOV DSPTMP,R 



All mnemonics copyrighted © Intel Corporation 1976. 



5-76 



LOC OBJ 



LINE SOURCE STRTEICNT 



8GD9 BF64 


=5949 


MOV 


XPC0DE,#4 






86DB 7401 


=5958 


CALL 


XFTEST 








=5951 


HNOV 


A, NEXTPL 






86DD B33A 


=5358+ 


MOV 


RL INEXTPL 






86DF n 


=5961+ 


MOV 


fl, SRI 






86E8 0345 


=5965 


HDD 


fi,#SEGMRP-l 






86E2 RS 


=5966 


MOV 


Rl,fi 






86E3 FE 


=5967 


MOV 


fl, DSPTMP 






86E4 fil 


=5968 


MOV 










=5969 


MDJffc! 


NEXTPL, WDISP1 






86E5 B93FI 


=5374+ 


MOV 


Rl, #NEXTPL 






86E7 Fl 


=5975+ 


MOV 








06E8 87 


=5979+ 


DEC 


fl 






86E9 fli 


=5984+ 


NOV 


m>n 






86EA 96EE 


=5988+ 


JNZ 


WDISPl 






06EC B108 


=5390 


MOV 


8R1. ICHARNQ 






06EE 83 


=5991 WDISP1: 


RET 










=5992 i 












=5993 ;DGPATS IS THE 


BflSE FOR THE TABLE OF SEGMENT PATTERNS FOR HEX DIGITS. 




=5994 ;HERE TIC FULL 


HEX SET (0-F) IS INCLUDED. 






=5995 i 










88EF 


=5996 DGPRTS 


EQU 


% AND OFFH 








=5997 i 












=5998 ; FORMAT 


IS 


PGFEDCBfl 


IN STANDARD SEVEN- SEGMENT ENCODING CONVENT 




=5999 i 




WHERE P REPRESENTS THE DECIMAL POINT 


06EF 3F 


=6808 


DB 


80111111B 


SEGMENT PATTERN FOR DIGIT 


'0' 


86F0 06 


=6001 


DB 


00008110B 


SEGMENT PATTERN FOR DIGIT 


'1' 


06F1 5B 


=6002 


DB 


81011811B 


SEGMENT PATTERN FOR DIGIT 


'2' 


06F2 4F 


=6003 


DB 


81001111B 


SEGMENT PATTERN FOR DIGIT 


'3' 


86F3 C6 


=6004 


DB 


811081188 


SEGMENT PATTERN FOR DIGIT 


'A' 


06F4 6D 


=6805 


DB 


81181101B 


SEGMENT PATTERN FOR DIGIT 


'5' 


86F5 7D 


=6886 


DB 


01111101B 


SEGMENT PAT1ERN FOR DIGIT 




86F6 07 


=6887 


DB 


00888111B 


SEGMENT PATTERN FOR DIGIT 


'7' 


86F7 7F 


=6888 


DB 


01111111B 


SEGMENT PATTERN FOR DIGIT 


'8' 


06F8 67 


=6089 


DB 


01108111B 


SEGMENT PATTERN FOR DIGIT 


'9' 


86F9 77 


=6010 


DG 


81118111B 


SEGMENT PATTERN FOR DIGIT 


'A' 


06FR 7C 


=6011 


DB 


81U1188B 


SEGMENT PATTERN FOR DIGIT 


1< 


06TB 39 


=6812 


DB 


00111001B 


SEGMENT PATTERN FOR DIGIT 


'C 


86FC 5E 


=6813 


DB 


81811110B 


SEGMENT PATTERN FOR DIGIT 


w 


86FD 73 


=6814 


DB 


0U11001B 


SEGMENT PATTERN FOR DIGIT 




06FE 71 


=6815 


DB 


01118881B 


SEGMENT PATTERN FOR DIGIT 






=6816 


SIZECHK 






802C 


=6819+ SIZE 


SET 


44 








=6820+; 












=6821+; ****** 
=6838 f 
=6831 


CODEBLK 12 






84F2 


=6051+ 


ORG 


1266 







84F2 B93F 
04F4 Al 



=6855 ;DELAV SUBROUTINE WAITS FOR Tl€ NUMBER OF COMPLETE 

=6856 ; DISPLAV SCANS CORRESPONDING TO THE ACC CONTENTS. 

=6857 ; USED WITH CRUDE HUMAN INTERFACES- AS WHEN OPERATOR SHOULD SEE 

=6858 ; SOME DISPLAY CHANGE WHILE IT IS QiANGING. 

=6859 DELAV: MMOV RDELAV,A 

=6872+ MOV Rl, #RDELAY 

=6873+ MOV §Ri,A 
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84F9 Fl 
84FR 96FS 
MFC 83 



"35087+ 



97PF 



07RF BF85 
07B1 7401 

87B3 B938 
8765 Fl 
87B6 83 



=€093 
=6894 

=£897+ SIZE 
=6098+; 
=6099+. 
=6188 
=6109 
=6144+ 



H0V 

MOV 
JNZ 
RET 

SIZECHK 
SET 11 



Rli •ROELfiS' 
fO0Rl 
DELRVl 



CODEBLK 8 
ORG 1967 

=6148 ;KBDPOL POLL STATUS OF KEVBORRD INPUT ROUTINE. 



=6149 i 

=6158 KBDPOL: 

=6151 

=6152 

=6161+ 

=6162+ 

=6166 

=6167 

=6178+ SIZE 
=6171+; 
=6172+; ****** 
=6181 *EJECT 



RETURN I4I1H RCC BIT 7 = 8 IF KEVBORRD INPUT MS BEEN RECEIVED. 
MOV XPC0DE,#5 
CULL XPTEST 
MMOV R.KBDBUF 

MOV ki, (tKBDBUF 

MOV Hi8Rl 
RET 

SIZECHK 
SET 8 
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LOC OBJ 



LINE SOURCE STATEMENT 



6182$ INCLUDE(:F0:LINK.MOD> 

=6183 CODEDLK 15 
87B7 =€218* ORG 1975 

=6222 ;EPFET FETCH WiTR BVTE FROM EP INTERNAL RAM ADDRESSED BV SNALO. 

=6223 EPFET. MMOV A-SMALO 
07B7 B930 =6232+ MOV Rl,#SMALO 

87BSF1 =6233+ MOV fl«l 

07BA F4D0 =6237 CALL EPFASS 

07BC 2380 =6238 MOV A, #100000008 

07BE F4D0 =6239 CALL EPPASS 

07C0 F4D0 =6248 CALL EPPASS 

07C2 83 =6241 RET 

=6242 SIZECHK 

888C =6245+ SIZE SET 12 

=6246+; 

=6256 ; 

=6257 CODEBLK 15 
07C3 =6292+ ORG 1987 

=6296 iEPSTOR STORE DATA IN LDATA IN EP INTERNAL RAM AT <SMALO> 

07C3 FA =62S7 EP5T0R: MOV A, LDATA 

07C4 F4D0 =6298 CALL EPPASS 

=6299 MMOV A,SMRLO 
07C6 BS30 =6308+ MOV RLISMALO 

07C8 Fl =6399+ MOV flHd 

07C9 537T =6313 ANL A, #811111110 

07CB F4D0 =6314 CALL EPPASS 

07CD F4D0 =6315 CALL EPPASS 

07CF 83 =6316 RET 

=6317 SIZECHK 

B00D =6320+ SIZE SE1 13 

=6321+; 

=6322+;^«**««*******w^^ 



=6331 tEJECT 
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LOC OBJ 



LINE SOURCE SlflTEMENT 









tut rra i hutur iitti tttpc tuutu ur tutpppucmjppc prTLicrw tup mp own rp 
Int 1 UlLUWINu UiiLllltb InrULYt INltKLnrfffut^ otIHttN Int nr ntmJ Lr. 




















=€3694 




UKU tOOT 




=6373 


EPPflSS 


porrrr ti CTMfil P PTO'QKPTPP PVTC Tfi TUP PP UlPPibdi TMT 1 HA 
rTD-JCJ n MrfllLL ntttflnLltK DTlt IU Int Lr InKUuUn IriL Hfm. 




=6374 




UPTTP TUP PnWTTMTQ fiP TUP DPT Tfl Till- 1 TMtf- 
wr.itt Int L-UNItNl-' Ur Int nLL IU Kit Liras* 




=6375 




pn rpcr tup rp- 
KtLtrot lift: tl i 




=6376 




DL'QD TUT 1 TW TUTft TUC PPP- 

KLW Inc. LINK INIU IKt nULt 




=6377 




OCT) c*i 


07D0 8fi38 


=6378 EPFflSS: 


ORL P2, #801108888 ;ENRBLE LINK WRITES. 


orW 71 


=6379 




MftUV ftfM □ UPTTl- OTP in 1 )ML / 
nUYrt PM>n /WKlIt ntt IU LINK. 




=6388 




HNL rljfNUI LrwKrirl >UilAK>Lt DKtrlKHJlNlb. 


97D5 0982 


=6381 




ORL Pl< IENBLNK > SET TO BREfiK ON LINK REFERENCE. 


87D7 F4DB 


=6382 




CfiLL EPS1EP 


oYU? ol 


=6383 






OYLTl oi 


=6384 
=6385 




per 

Kt 1 

QT7PPUV 
JltLLrlK 




=6388+ 


SIZE 


OPT 11 
,?L f 11 




=6389+ 
=6398+ 
=6399 















=6488 






oYUb 


=6435+ 




i IPC ?CM 4 
UKU tOll 




=6439 ;EP5TEP 


pet cocrr PP Tfl MBJ TW PDPCrWT MfW IIMTTI ftW nMTTPTPfllPn 
KtLtTOt-* ti IU KUn iN I KCXHI nUW_ UMI1L nn mlltlrTIItU 




=6448 








=6441 




MAJt IU SiMULL _'lt-f riPtU/ Lllm UrUOW. rLILii> UK LlrfN ITilll rLILn. / 




=6442 




MKT lYTID UTTUTU fl PTUTTP HP ftTIK (SAfi HP PVTl PS} 
rHOl MAAffC NI InXn M rlNllL nUnDtK Ur L- > L-LLO s\*to W LTULLJy 




=6443 




UR Wl 1 UvLKJ lilTUr. HILL n_> DiA K. n LLflTTTUn L L4i 1 1 'JJIJ LlvrvUtx 




=6444 




RTTUPPW TVIP MP Pun pp 
ot r Met-!* i nt nr nm' tr . 


07DR F4F4 


=6445 


EPSTEP: 


L-fTLl— L r f\ C L 


Of LV DjWI 


=6446 




nU¥ wlo 


or LT OOi 1 


=6447 


EPSTE1: 


TNT PPC.TP9 


Oftl l.jVv 


=6448 




h TW7 D1 PPCTP1 
f JNt Kl.> LT3 1 LI 


Of OvlO 


=6449 




npi pj *cppcpT 

URL r I* #triOt 1 


oft-j r*Wr 


=6458 




PflJ 1 rppni/ 


87E? B8BB 


=6451 




MOV Rfc ILftKOVlBflS+OVSIZE) 


A7PQ 

Oft? r*K>n 


=6452 




por i nui noTi 

LULL UYLUnV 


fi"7PR QQCCT 

OTtD yjLr 


=6453 




nriL r 1j 1KU 1 tr Kjt 1 


or or toe 


=6454 




riUY LVfl 1 (Ij f OCll 


87EF 249fl 


=6455 




JMP PERROR 


8/F1 744F 


=6456 LPSTE2: 


WTU. LrDMs 


07F3 83 


=6457 
=6458 




SIZECHK 


8819 


=6461+ 


SIZE 


SET 25 




=6462+i 






=6463+; ****** 






=6472 i 






=6473 i 






=6474 REJECT 
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LOC OBJ 


LINE 




SOURCE STATEMENT 






=6475 




CODEBLK 9 




07F4 


=6518+ 




ORG 2036 






=6514 / 


EPREL 


RELEASES EP TO RUN IN PRESENT MODE. 




=6515 , 




jcuutifiiri- i j nj ruLi_UH3. 






=6516 , 




p* IT MTMnPV ACC'ftV TW rp MJTTiP 
1 Ul nCnUKl rHVPJIl in LT llwC.' 






=6517 , 




RAISE /SSTEP; 






=6518 




RETURN. 




87F4 99F7 


=6519 EPREL: 


rfrfl- rl^frlUi LLKDrr 


> LLLliK D+sLrffs r (V . 


orrv> OJOO 


-^T=/)Q 






> Kt LNn&LL DKtHK r/r. 


Q7CO oopjr 


=oOidl 






F rJftRJ F FP rfiWT&ni HF (CM rtPPAV 
.• EflnDIX Cr WJnlKUL w nCn nKKni 


07FH 8964 






UKL r 1* IwWlwtf 


PPPf PP TH KIN 1WTTI RPFPlk' 


87FC 83 


=6523 




RET 






=6524 




SIZECHK 




raw 


=6527+ 


SIZE 


SET 9 






=6528+ 










=6529+ 
=6538 










=6539 










=6548 




CODEBLK 11 




Q7AT 


=6588+ 




ORG 847 






=6584 


EPBRK 


REGAIN CONTROL OF MEMORY ARRAY FROM EP. 




=6585 




DROP /SSIEP; 






=6586 




WRIT 30 USECS. ; 






=6587 




PUT MEMORY ARRAS' IN MP MODE; 






=6588 




RETURN. 






=6589 EPBRK: 


ANL F1,»N0T 08000180B 


; FREEZE EMULATION PROCESSOR. 




=6590 




ORL Pi,MOD0UT 


> SIGNAL EP IS NOT RUNNING USER CODE. 


a-jtj? DOCK 


=6591 




MOV Rl. #5 






=6592 




DJNZ Rl, $ 


;DELflV FOR EP TO FINISH INSTRUCTION. 




=6593 




ORL P2, 1018000080 


;SEIZE CONTROL OF MEM RRRRY. 


Q75Q 0? 


=6594 




RET 






=6595 




SIZECHK 




men 

ram 


=6598+ 


SIZE 


SET 11 






=6599+ 










=6600+ 




















=6609 










=6610 










=6611 




CODEBLK 16 




835A 


=6651+ 




ORG 858 






=6655 iOVSHflP OVERLAY SNAP. 






=6656 


i 


SNAPS &OCK OF DA1ABYTES (USER'S PROGRAM) BETWEEN MP RAM 4 EP PM 




=6657 OVSURP 


MOV R8,MVBUF+0VSIZE 




wjjc urn 


=6658 




MOV RL IOVSIZE 




835E 2348 


=6659 




mov a, taieeeeeee 




8368 3R 


=6660 




OUTL PZA 




8361 C8 


=6661 OVSWi: 


DEC R0 




8362 C9 


=6662 




DEC Rl 




8363 81 


=6663 




MOVX ft,0Ri 




8364 28 


=6664 




XCH A,0R0 




8365 91 


=6665 




MOVX 0R1/A 




8366 F9 


=6666 




MOV A,R1 




8367 9661 


=6667 




JNZ 0VSW1 




9369 83 


=6668 




RET 






=6669 




SIZECHK 




8618 


=6672+ 


SIZE 


SET 16 
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=6602 i 

=6684 

=6724+ 

=6728 

=6725 

=6738 



COOEBLK 14 
ORG 874 



OVLORO OVERLAY LORD. 

MOVES BLOCK OF OfiTflBVTES <RSSEMBLED SOURCE) FROM PG3 10 EP PM. 
TOP OF DflTR BLOCK LORDED RND BLOCK LENGTH DETERMINED BY R8 RND Rl. 



8360 691? 


=6731 OVLORD: 


MOV 


RttOVSIZE 




836C 2348 


=6732 


MOV 


Ht 4816066066 




836E 3fl 


=6733 


OUTL 


F'2,fl 




836F C8 


=6734 mm. : 


DEC 


R8 




8378 C9 


=6735 


DEC 


Rl 




8371 F8 


=6736 


MOV 


fi,R8 




8372 E3 


=6737 


M0VP3 


R* 8fl 




8373 91 


=6738 


MOVX 


8Rl<fl 




8374 F9 


=6739 


MOV 


fbRl 




8375 9G6F 


=6748 


JNZ 


MML01 




8377 83 


=6741 


RET 








=6742 


S1ZECHK 




ME 


=6745+ SIZE 


SET 


14 





=6746+; 
=6747+; < 
=6756 IEJECT 
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LOC OBJ 



LINL SOURCE STATEMENT 



1IC REST OF THIS MODULE CONTAINS THE MINI-MONITORS WHICH OVERLAY 

THE EMULATION PROCESSOR PROGRRM RAM 10 GIVE 1HE 

MASTER PROCESSOR ACCESS 10 INTERNAL REGISTERS AND RAM Of THE EP. 



8378 



DATABLK 22 
ORG 8 



■ 0V9- OVERLAV 10 BREAK EP EXECUI ION AND JUMP TO LOCATION 809H. 

LOCATION B8SH REACHED WITH TOP-Gf-STACK = RETURN ADDRESS+2 
DUE TO FORCED 'CALL" DURING WHICH PC HAS INCREMENTED. 
LOCS 003H i 887H CALL 809H TO SIMULATE SAME CONDITION 
IF BREAK OCCURS DURING IN1CRRUPT CS*CLE. 

SOURCE CODE FOR MINI-MONITOR OVERLAYED OVER LOU ORDER PROGRAM RAM. 



OSfo 




CCA I t 


Q77Q 


-CTOA nor 


UVottro 


Q77Q 4AOQ 




L-nLL xJOjtI 


837A 88 




mJr 




=6787 ; 




837B 


=6788 ORG 


0VeefiS+883H 






Uu. WKrtl 


837D 88 


=6798 


NOP 


037E 88 


=6791 


NOP 




=6792 i 




037F 


=6793 ORG 


0V8BAS+887H 


037F 1489 


=6794 


CALL 089H 


8381 88 


=6795 


NOP 


8382 88 


=6796 


NOP 


8383 88 


=6797 


NOP 


8384 88 


=6798 


NOP 


8385 88 


=6799 


NOP 


8386 88 


=6888 


NOP 


8387 88 


=6881 


NOP 


8388 88 


=6882 


NOP 


83C3 88 


=6883 


NOP 


838A 88 


=6884 


NOP 


8388 88 


=6885 


NOP 




=6886 ; 




838C 


=6887 ORG 


0V8BAS+814H 


838C 8403 


=6888 


JMP 089H 




=6889 ; 






=6818 


SIi£CHK 


8816 


=6813+ SIZE 


SET 22 




=6814+; 
=6815+, *****, 






=6824 ttJECT 
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loc oej 


LINE 




SOURCE STATEMENT 






=6825 




DflTftBLK 22 




038E 


=6838+ 




ORG 910 






=6834 










=6835 


0V3- 


OVERLflV TO SflVE S 


TATUS DATA AFTER BREAK. 




=6036 




flCC, TIMER/COUNTER, PSU (WITH Fl>, t RAM LOC 8 PASSED SEQUENT IRLLV 




=6837 




70 HP. 






=6838 




SOURCE CODE FOR H 


INI-MONITOR OVERLAVED OVER LOW ORDER PROGRAM RAM. 




=6839 








038E 


=6848 0V3BflS 


EQU $ 




83SE 


=6841 ORG 


0V3BAS 




838E 8408 


=6842 




JMP 068H 




8398 80 


=6843 




NOP 






=6844 


i 






8391 


=6845 ORG 


OV3BAS+803H 




8391 S3 


=6846 




RET 




8392 80 


=6847 




NOP 




0393 80 


=6848 




NOP 




0394 88 


=6849 




NOP 






=6858 ; 






0395 


=6851 ORG 


OV38AS+O07H 




0395 83 


=6852 




RET 




039C 00 


=6853 




NOP 






=6854 ; 






0397 


=6855 


ORG 


OV3BRS+089H 




0397 90 


=6856 




HOVX 0R0,A 




0398 42 


=6857 




NOV A/T 




0399 90 


=6858 




HOVX 0R0.A 




839(1 C7 


=6859 




NOV A,FSH 




839B 7611 


=6868 




JFl 0V381 




839D 53F7 


=6861 




ANL n, #111101116 


8311 


=6862 0V3B1 


EQU t- (LOU 0V3BAS) 


839F 98 


=6863 




MOVX 0R0,A 




83fl8 C5 


=6864 




SEL RB0 




03A1 F8 


=6865 




NOV A,R0 




03A2 0409 


=6866 




TMD flttflftl 
•J IB tWJn 






=6867 ; 








=6868 




SIZECHK 




0816 


=6871+ 


SIZE 


SET 22 






=6872+; 
=6873+;***** 








=6882 JEJECT 
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LOC 06J 


LINE 


SOURCE STATEMENT 




=6883 


DATABLK 22 


8304 


=6888+ 


ORG 


932 




=6892 ; 








=6893 ;OVi- 


OVERLRV 1 10 GIVE MP ACCESS TO EP RAM LOCS. 81H-7FH. 




=6894 ; 


SOURCE CODE FOR MINI-MONITOR OVERLRVED OVER LOU OROtR PROGRAM 




=6895 ; 






83R4 


=6896 0V1BRS 


EQU 


t 




=6897 ; 






8 3R4 848R 


=6898 


JMP 


0V1B1 


&S(£ 88 


=6899 


NOP 






=6988 ; 






83A7 


=6981 ORG 


0VlGnS+883H 


8307 82 


=6982 


RET 




83A8 88 


=6983 


NOP 




83H9 88 


=6984 


NOP 




83flfl 88 


=6985 


NOP 






=6986 ; 






83AB 


=6987 ORG 


0V1BAS+887H 


83RB 83 


=6988 


RET 




83flC 88 


=6989 


NOP 






=6918 ; 






83AD 


=6911 ORG 


0V1BAS+889H 


83R0 98 


=6912 


MOVX 


8R8* A 




=6913 ; 






888(1 


=6914 0V1B1 


EQU 


$-0V16ftS 




=6915 ; 






83fiE SB 


=6916 


MOVX 


flj f?R8 


83RF R8 


=6917 


MOV 


R8,fl 


83B8 88 


=6918 


MOVX 


R,8R8 


83B1 F213 


=6919 


J87 


0V1B2 


83B3 28 


=6928 


XCH 


A.R8 


83B4 A8 


=6921 


MOV 


8R8,A 


83BS 8489 


=6922 


JMP 


889H 




=6923 ; 






8313 


=6924 0V1B2 


EQU 


f-LCW 0V1BRS 




=€925 ; 






8387 F8 


=6926 


MOV 


A,8R8 


8388 8489 


=6927 

-£000 ■ 


JMP 


Stan 




=b)fa5 i 
=6929 


S1ZECKK 


8816 


=6932+ SIZE 


SET 


22 




=6933+; 
=6934+;***** 







=6943 *EJECT 
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Hion 




ORG 


954 






=6953 J 










=6954 ;0V2- 


OVERLflV TO RESTORE EP STRTUS SflVED ON BREAK RND RESUME USER'S PROGRflH. 




=6956 i 


SOURCE CODE FOR HINI-NONITOR OVERLRVED OVER LOW ORDER PROGRflH RflH. 


OOf 1 




m 


$ 








0V2BRS 










JNP 


own 




fl?Pf Of) 


=6968 


NOP 








=6961 ; 








OVfjf) 




OV2BRS+083H 






=6963 


RET 






H?RT no 


=6964 


NOP 






fl?pc UK 


=6965 


NOP 






nvro (M 


=6966 


NOP 








=6967 < 










=f»<Xfi nRfi 

u^oo urvj 


OV2BRS+807H 




QHjX 0.1 




RET 






DTt-J pa 


=fi°.7fl 


NOP 








=6971 ; 








0->03 




0V2BRS+889H 






=6973 


novx 


gft&fi 






=6974 ; 








93C4 80 


=6975 


MOVX 


R,8R8 




83C5 fl8 


=6976 


NOV 


R8.R 




83C6 88 


=6977 


NOVX 


(MM 




83C7 D7 


=6978 


MOV 


rmfl 




83C8 R5 


=6979 


clr 


Fl 




83C9 85 


=6988 


CPL 


Fl 




otto 701? 


=69frt 


JB3 


0V2B1 




83CC (15 


=6982 


CLR 


Fl 






=6933 ; 








8313 


=£9C4 0V2B1 


EQU 


*-L0H 0V2BRS 






=6985 ; 








83CD 88 


=6986 


NOVX 


R,8R8 




83CE 62 


=6987 


NOV 


LR 




83CF 88 


=6988 


novx 








=6989 


RETR 








=6998 


SIZECIK 






881? 


=6993+ SIZE 


SET 23 






=6994+; 










=7884 $£JECT 
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LOC OBJ 



LINE SOURCE STflTEHENT 



0301 

8201 CB88 

0302 en 

0304 9fW 
0306 F2D9 
0308 83 
8309 F5 
8308 0480 



7005 i 

7886 

7046+ 

7850 XPTEST: 

7051 

7052 

7053 

7054 

7855 

7856 

7057 

7060+ SIZE 
7061+; 
7062+; 
7071 ; 
7072 



CODEBLK 11 
ORG 977 



ORL 
IN 
FN. 

JB7 
RET 
SEE 
JHP 
SIZECKK 
SET 11 



P2,#G0H 
fl,P2 

P2,#(N0T 88H) 
$+3 

NB1 



CODEBLK 13 



03DC 


7112+ 


ORG 


988 






83DC 28432931 


7116 


08 '<C)1979 INTEL' 




83E8 39373920 












03E4 494E5445 












83E8 4C 














7117 


SIZECHK 








0000 


7128+ SIZE 


SET 13 










7121+; 












7122+;****** 
7131 ; 












7132 ; 












7133 


RSOURCE 








0180 


7135+ 


PGSIZE 


SET 


ORGPG0-000H 


BYTES USED ON PfiGE 8 


08FD 


7136+ 


PGSIZE 


SET 


ORGPG1-100H 


BYTES USED ON PflGE 1 


0100 


7137+ 


PGSIZE 


SET 


ORGPG2-200H 


BYTES USED ON PflGE 2 


00E9 


7138+ 


PGSIZE 


SET 


ORGPG3-380K 


BYTES USED ON PflGE 3 


0BFD 


7139+ 


PGSIZE 


SET 


ORGPG4-400H 


BYTES USED ON PflGE 4 


00f> 


7140+ 


PGSIZE 


SET 


ORGPG5-500H 


BYTES USED ON PflGE 5 


88FF 


7141+ 


PGSIZE 


SET 


ORGPG6-600H 


BYTES USED ON PflGE 6 


00FO 


7142+ 


PGSIZE 


SET 


0RGPG7-788H 


BYTES USED ON PflGE 7 



7143+IEJECT 
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LOC OBJ 


Lire 


SOURCE STATEMENT 








7145 
7146 












7147 


FILL ALL UNUSED ICHORS' LQCrHIONS UI1H NOP OPCODES 








7148 
714S 




















7158 












7151 *GEN 










7158 i 








81FD 


7168 


ORG 


ORGPGI 








7161 


REPT (288H - ORGPGi) 






- 


7162 
7163 


DB 
ENDH 


8 






81FD 88 


7164+ 


DB 


8 






81FE 88 


7165+ 


DB 


8 






BIFF 88 


7166+ 


DB 


9 








7168 ; 










7175 


1 








83E9 


7177 


ORG 


0RGPG3 








7178 


REPT (498K - 0RGPG3) 






*• 


7179 


DB 


8 








7188 


ENDH 








83E9 88 


7181+ 


DC 









83Efl 88 


7182+ 


DB 


8 






83EB 98 


7182+ D6 


8 






83EC 98 


7184+ 


DB 


8 






82ED 88 


7185+ 


DB 


8 






83EE 88 


7186+ DB 


8 






83CF 88 


7187+ 


DB 


8 






83F8 88 


7188-: 


DC 


8 






83F1 88 


7189+ DC 


8 






83F2 98 


7198+ 


DC 








83F3 88 


7191+ DB 









83F4 88 


7192+ DB 









83F5 98 


7193+ DG 


8 






83F6 98 


7194+ DB 


8 






83F7 88 


7195+ DB 


8 






ms 88 


71S6+ DB 


8 






83F3 98 


7197+ DC 


8 






83Ffl 98 


7198+ DB 


8 






82FB 88 


7199+ DB 


8 






83FC 98 


7288+ DB 


8 






83FD 98 


728H 


DC 


8 






83FE 99 


7282+ 


DB 


8 






83FF 98 


7283+ DB 
7285 ; 


8 






94fD 


7287 


ORG 


0RGPG4 








7288 


REPT (598H - 0RGPG4) 








7289 


DC 


8 








7218 


ENDH 








84FD 98 


7211+ DB 


8 






84FE 88 


7212+ DB 


8 






84FF 98 


7213+ DB 
7215 i 


8 






85FF 


7217 


ORG 


0RGPG5 








7218 


REPT (688H - 0RGPG5) 
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LOC ODJ LINE SOURCE STATEMENT 





7219 


DC 


8 




7228 


ENDfl 




85FF 98 


7221+ 
7223 i 


OB 


8 


86FF 




ORG 


0RGPG6 






REPT (788K - 0RGPG6) 




7227 


D6 


8 




7228 


ENDH 




«JT CM 


( ttj> 
7231 ; 


DB 


8 


87FD 


7233 


ORG 


0RGPG7 




7234 


REPT (888H - ORGPG?) 




7235 


DB 


9 




7236 


ENDfl 




87FD 88 


7237+ 


db 


8 


87FE 88 


7238+ 


DB 


8 


97FF 88 


7239+ 

7241 ; 

7242 $EJECT 


DB 


8 
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Lil»a 3115 


5117* 




LSTBRK 4978 


4979 


5111* 


LSTDH 4975 


4995 


5811 


LSI INT 4977 


5898* 




LSTORE 2459 


2615 


3527 


LSTFH 4974 


4981* 




LSTR8 5852 


5855* 




LSTREG 4976 


5837* 




LSTTBL 4971 


4974* 




118 551# 






111 5521 






MflDO 438* 


1816 


2386 


NflUDC 435# 


5384 




HMN 1434 


1539* 


1546 


HRIN2 1544* 


3129 




MRINR 1594 


1689* 




HMNB 16721 


1674 




HMNB8 1798 


1838* 




MRINB1 1831* 


1847 




NfilNCl 17161 


1762 




NRIND 1741 


1881* 




HfllNDi 1742 


1766* 




im. Am 






WLOCK 165t 


1387 


1315 


MDEC 4711 


3529 




MDJNZ 475t 


4841 


4328 


MEMHI 1158* 


3824 


4885 


MEMO 1149* 


3851 


4828 


MERROR 1592 


1858* 




flINC 467* 


1743 


2811 


MMLOl 6734* 


6748 




HMOV 398* 


1558 


1574 


2464 


2482 


2541 


3882 


3863 


3891 


3518 


3557 


3578 


4639 


4759 


4783 


5191 


5343 


5369 


6859 


6878 


6152 


MODOUT 537* 


3841 


6598 


HORL 445* 


2988 


3631 


MPUSEL 553* 






HRL 482* 






MRLC 494* 






MRR 486* 






MRRC 498* 


4437 


4548 


NXCH 455* 






KWL 458* 






NCOU, 614* 


5581 




NEG1 729* 


2341 


5678 


NEXTPL 1283* 


2253 


2259 


NIBI3 3782 


3788* 




NIBIN 3627 


3638 


3639* 


NIBIN2 3553 


3788* 





5832* 
4672 



4957* 



2438 
2349 



5358 



2414 2417 2422 2427 2588 2628 



1323 
4456 
4655 
2875 



4566 5969 



1689 


1628 


1649 


1682 


1716 


1766 


1782 


1881 


1976 


1994 


2172 


2248 


2329 


2531 


2714 


272S 


2756 


2787 


2885 


2838 


2856 


2893 


2923 


2938 


2353 


2368 


3286 


3225 


3244 


3263 


3283 


3381 


3322 


3349 


3423 


3433 


3452 


3471 


3498 


3881 


3828 


3855 


3957 


3981 


39% 


4811 


4865 


4257 


4284 


4392 


4418 


4587 


4798 


4814 


4836 


4854 


4878 


4957 


4981 


4996 


5812 


5837 






516* 


5455 


5541 


5575 


5591 


5618 


5655 


5673 


5687 


5783 


5721 


5882 


5875 


5951 


6223 


6299 

























5178 



5582 



5808 5886 5968 5974 
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NIBO 4153 


4161 


4388* 












NOBRK 1521* 


1928 














NOVflLS 13811 


1416 














NREPTS 123B« 


5564 


5584 


5604 










NUMCON 1185t 


1662 


1838 


2181 


2469 


2475 


2723 




NXTLX 55021 


5646 














OPTflBl 1901 


1903 


1984 


1905 


1906 


1922* 






0PTf)B2 1987 


1908 


1925* 












OPTAB3 1902 


1909 


1927* 












OPTION 11941 


1641 


1698 


1791 


1810 








QRGPG8 128* 


1400 


1401 


1449* 


1528 


1529 


1873* 


1347 


2652 


2674* 


2679 


3148 


3399 


3617 


3618 


3681* 


4360 


4495 


4620 


4695 


4696 


4720* 


4724 


4317 


6833 


6111 


6185 


6259 


6336 


6402 


6477 


6542 


ORGPG1 129* 


1952 


1953 


2153* 


2239 


2240 


2296* 


2385 


3691 


3730* 


3748 


3741 


3765* 


3776 


3926 


4111 


4239 


4365 


4588 


4625 


4723 


4922 


5143 


5230 


6038 


cue 


6198 


6264 


6341 


6407 


6482 


6547 


0RGPG2 130* 


2377 


2378 


2514* 


2528 


2529 


2647* 


2689 


4585 


4630 


4631 


4691* 


4734 


4927 


5148 


5274 


6121 


6195 


6269 


6346 


6412 


6487 


6552 


6623 


0RGPG3 131# 


1334 


1335 


1395* 


1877 


1878 


1943* 


6577 


6768 


6769 


6823* 


6827 


6828 


6881* 


6885 




7110 


7130* 


7138 


7176 


7177 








0RGPG4 1321 


2694 


2695 


3144* 


3163 


3786 


3936 


4249 


52201 


5324 


5429 


5776 


5855 


5924 


6848 


6849 


6628 


6781 


7823 


7889 


7139 


7206 


7287 




0RGPG5 133* 


3168 


3163 


3398* 


3731 


3792 


3916* 


3941 


54091 


5434 


5781 


5868 


5861 


5905* 


5929 


6131 


7028 


7894 


7148 


7216 


7217 








0RGPG6 134* 


3946 


3947 


4102* 


4520 


4521 


4615* 


4749 


5935 


6829* 


6136 


6210 


6284 


6361 


6427 


6582 


0RGPG7 135* 


4947 


4948 


5134* 


5444 


5445 


5757* 


6141 


6366 


6367 


6398* 


6432 


6433 


6471* 


6507 


6588 


7233 
















OUTCLR 1624 


1974* 


2556 












OUTNSG 1797 


1827 


1975* 












OUTUTL 1542 


1973* 


2326 


2713 


2333 


3124 


3185 




OV0BflS 3187 


6783* 


6784 


6788 


6733 


6887 






OV1B1 6898 


6914* 














0V1B2 6919 


6924* 














OV1BRS 1426 


3281 


6451 


6896* 


6301 


6987 


6311 


6914 


0V2B1 6981 


6984* 














0V2BRS 2921 


6957* 


6958 


6962 


6968 


6972 


6984 




OV3B1 6868 


6862* 














0V3BflS 3203 


6848* 


6841 


6845 


6851 


6855 


6862 




OVBW 1319* 


4828 


5826 


6657 










OVLOflO 1427 


2922 


3188 


3204 


3282 


6452 


6731* 




OVSIZE 646* 


1321 


1426 


2921 


3187 


3203 


3281 


4812 


OVSW 6661* 


6667 














OVSHflP 2985 


2995 


3186 


6657* 










PBRK 1518* 


1924 














PDIGIT 517* 


5488 














PERROR 1859 


2212 


2318* 


2633 


3889 


3599 


3716 


6455 


PGSI2E 7135* 


7136* 


7137* 


7138* 


7139* 


7140* 


7141* 


7142* 



PINPUT 520* 5481 
PLUS! 699* 2476 



2157 


2158 


2230* 


2234 


2308 


2367 


2518 


2651 


3685 


3735 


3771 


3921 


4186 


4141 


4180 


4234 


5138 


5225 


5264 


5389 


5414 


5761 


5840 


5903 


6613 


6686 


7888 


7874 


7135 


7152 


7153 




2386 


2363* 


2372 


2523 


2684 


3153 


3484 


3698 


4112 


4137* 


4146 


414? 


4176* 


4185 


4186 


4213* 


5231 


5268* 


5269 


5314 


5419 


5766 


5045 


5914 


6618 


6691 


7813 


7879 


7136 


7159 


7168 




3158 


3489 


3418 


3613* 


3781 


3931 


4244 


4378 


5275 


5305* 


5313 


5424 


5771 


5858 


5919 


6843 


6696 


7018 


7884 


713? 


7169 


7178 






6578 


6608* 


6648 


6649 


6682* 


6721 


6722 


6755* 


6942* 


6946 


6947 


7883* 


7843 


7044 


7878* 


7189 


4258 


4355* 


4375 


4518 


4739 


4932 


5153 


5154 


6107* 


6126 


6280 


6274 


6351 


641? 


6492 


6557 


4388 


4381 


4491* 


4515 


4744 


4937 


5329 


5338 


6285 


6279 


6356 


6422 


6497 


6562 


6633 


6786 


4758 


4913* 


4942 


5439 


5786 


5787 


5836* 


5934 


6567 


6638 


6711 


7033 


7099 


7141 


7224 


7225 


6142 


6188* 


6215 


6216 


6255* 


6289 


6290 


6338* 


6537* 


6572 


6643 


6716 


7038 


7104 


7142 


7232 


6924 
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6451 


6657 


6658 
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PLUS2 714* 


2268 












PRNTi 2889 


28381 












PRNT2 1994* 


2829 












PSEGH1 518* 


1414 


5476 


5491 


5818 






PSEGLO 519* 


1413 


5477 


5489 


5819 






RDELflY 12481 


5696 


5716 


6872 


6887 






RECDON 3524 


3549* 












RECTVP 1275* 


3583 


3587 










REGC 1292* 


4485 


4442 


4553 


4596 






REORG 1911 


1335 


1481 


1529 


1878 


1948 


1953 


2524 


2529 


2652 


2688 


2685 


2698 


2695 


3686 


3691 


3736 


3741 


3772 


3777 


3782 


4112 


4142 


4147 


4181 


4186 


4235 


4248 


4586 


4511 


4516 


4521 


4621 


4626 


4631 


4928 


4933 


4938 


4943 


4948 


5139 


5144 


5328 


5325 


5338 


5415 


5428 


5425 


5438 


5841 


5846 


5851 


5856 


5861 


5918 


5915 


6117 


6122 


6127 


6132 


6137 


6142 


618G 


6275 


6288 


6285 


6298 


6337 


6342 


6347 


6428 


6433 


6478 


6483 


C4flP 
utoo 


6493 


6498 


6578 


6614 


6619 


6624 


6629 


6634 


6639 


6722 


6769 


6828 


DOOO 


6947 


7889 


7814 


7898 


7895 


7198 


7185 


7118 






RERROR 23171 


2348 












RIOT 15281 


1923 












ROTCffl 8861 


5581 


5646 










ROTPPT 8651 


5482 


5587 


5514 


5529 






RSOURC 2761 


7133 












SCHN2 5557 


5575* 












SCf9B 5532 


5566 


5589 


5689 


5644* 






SCTN8 5672 


5682# 












SEGHflP 1311# 


2213 


5486 


5878 


5965 






SING 1523# 


1928 












SIZE 12851 


1388 


1439» 


1442 


1863* 


1866 


1933* 


25044 


2587 


26371 


2648 


2664* 


2667 


3124* 


3755* 


3758 


3996* 


3989 


4892* 


4895 


4127* 


4685* 


ACQ? 


4681* 


4684 


4718* 


4713 


4983* 


5399* 


5482 


5747* 


5758 


5826* 


5829 


5895* 


6328* 


6323 


6388* 


6391 


6461* 


6464 


6527* 


6871* 


6874 


6932* 


6S35 


6993* 


6996 


7868* 


SIZECH 2781 


1382 


1436 


1868 


1938 


2148 


2217 


3717 


3752 


3983 


4889 


4124 


4163 


4200 


5292 


5396 


5744 


5823 


5892 


6816 


6094 


6818 


6868 


6929 


6998 


7857 


7117 




SHflHI 1122# 


2487 


2493 


2772 


3465 


3817 


4792 


SHflLG 1113# 


1671 


1821 


2488 


2557 


2745 


2869 


CMC 


5821 






5288 


5238 


5282 


STRCOH 1623 


2837t 












STRGCC 1927 


2854# 












STRHEH 1922 


1925 


2847* 


2555 








STRTHP 12571 


1989 


2883 


2816 








STRUTL 1973 


2832* 












STSRVE 3856 


3862 


3133* 










TCRLFO 3886 


3894 


3975 


4119* 








HINT 5454* 


5742 












TIRET1 5647 


5781 


5721* 










TOfPOL 3846 


57421 


5881 


6877 









2158 


2235 


2248 


2301 


2206 


2268 


2373 


2278 


2519 


3149 


3154 


3159 


3164 


2169 


2400 


3405 


2418 


2618 


2787 


3792 


3922 


2927 


2922 


3937 


3942 


2947 


4187 


4245 


4258 


4261 


4266 


4271 


4376 


4381 


4496 


4581 


4696 


4725 


4738 


4725 


4740 


4745 


4758 


4918 


4923 


5149 


5154 


5226 


5221 


5265 


5270 


5275 


5218 


5215 


5435 


5448 


5445 


5762 


5767 


5772 


5777 


5782 


5787 


5928 


5925 


5938 


5925 


6024 


6029 


6044 


6849 


6112 


6191 


6196 


6281 


6286 


6211 


6216 


6268 


6265 


6278 


6252 


6357 


6262 


6267 


6402 


CACKJ 


6412 


6418 


6422 


6582 


6508 


6542 


6548 


6552 


6558 


6562 


6568 


6572 


6644 


6649 


6687 


6692 


6697 


6782 


6787 


6712 


6717 


7819 


7024 


7829 


7824 


7029 


7844 


7875 


7880 7085 






















































1936 


2143* 


2146 


2228* 


2222 


2286* 


2289 


2252* 


2256 


3137 


3388* 


2383 


3683* 


2686 


2671* 


3674 


2728* 


2722 


4138 


4166* 


4169 


4283* 


4286 


4245* 


4248 


4481* 


AAQA 


4986 


5124* 


5127 


5218* 


5212 


5258* 


5253 


5295* 


5298 


5898 


6819* 


6822 


6897* 


6188 


6170* 


6173 


6245* 


6248 


6538 


6598* 


6681 


6672* 


6675 


6745* 


6748 


6812* 


6816 


7063 


7128* 


7122 














2283 


2358 


2581 


2634 


2661 


3131 


3377 


2688 


2668 


4342 


4478 


4682 


4678 


4787 


4900 


5121 


5207 


5247 


6167 


6242 


6317 


6385 


6458 


6524 


6595 


6669 


6742 


4998 


5184 


5378 














2888 


3314 


3341 


3484 


2844 


480? 


4822 


4845 


4879 


5352 


6222 


6388 
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TTYOUT 539* 


4428 


4438 










TVPE 11761 


1429 


1579 


1585 


1748 


1771 


1777 


UPOHM 2265* 


2558 


3371 










UPDflDR 2195 


2248* 












VER5N0 1850* 














WBRK 1522* 


1928 












HDISP 2819 


2838 


2269 


2274 


2568 


3373 


5948* 


HDISP1 5988 


5991* 












XPCOOE 837* 


1418 


1539 


2318 


5799 


5949 


6158 


XTTEST 1411 


1548 


2319 


5888 


5958 


6151 


7858* 


ZERO 684* 


1578 


1586 


1778 


2494 


3428 


3868 



1822 2448 2558 3811 3872 4768 4966 5171 



5667 
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rmup 71*90 

LUUWD 30£0 
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L-ilnr.U 30^1 
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4071 
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7^00* 
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Lffl\_>Url 0o3» 


34iG 
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30f 3 


7^4 
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3O0J 


30OT 
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4155 


41 "V 
4100 
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4R77 






















ph 4^771 

til TiJjjf 


4S77 
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4S74 


4S7* 
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L-lc 403 fW 


400J 
























ri7 4^70 
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4=147* 
























PT4 4S41 
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4S4S* 
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*tOf 3 
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Onr r\L i 370* 


























ONIKLX 3370* 


744 
3410 


7400 


307J 




















rWTTDl 7077 

IrNf ioL 30 < f 


Meal 

3000W 
























PMTTDR 7007 
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Jwl 
























PfM 44771 
0U± 4*tc r # 


44Y3 
























Pfn 4497 
L-Ut 44tr 


4470* 
4430W 
























n\7 4470 
0U3 44^7 


4477* 
4433f 
























rnncRi 100* 

OOVLDL 1_»7» 


1370 


1S7C 


104R 


ci J-J 


7777 


<LiLj\> 


77t^ 






7T77 

tor r 


71 Ad 7707 7^m 7CC7 
3140 337 f 3010 3003 


7777 
3f33 


2769 


3919 


4184 


4139 


4178 


4232 


4358 


4493 


4618 


4693 


4722 


4915 5136 5223 5262 


5387 


5412 


5759 


5838 


5987 


6831 


6189 


6183 


6257 


6234 


6406 


6475 


6548 6611 6684 7886 


7872 


COMCBR 2487 


2432* 
























CUt-IL 1428 


1432 


2426 


4639# 





















COMGOR 2429 2992# 

COHSER 2486 2436» 

COHSIZ 1596 1899* 

CTflB 1557 1838» 



CURDIG 928* 5478 5484 5647 5648 

DflTfBL 244# 1322 1875 6766 6825 6883 6944 

DttTO 4829 48331 

DflTOl 4834# 4868 

DBLflNK 2215 5872# 5S74 

DBPNT 2836 2885* 

DBRK 1519* 1924 

DCB 2845 218G# 

DOfBRK 2853 2122» 

DOffiCM 2849 2116* 
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DtBNCE 638* 






DECLflR 1781 


584 


600 


848 


869 


898 


1863 


1872 


1881 


1287 


1216 


1225 


DtCSMl 5286 


5291* 




DECSflfl 2638 


5282* 




DELAY 3185 


6859* 




DELRYi 68771 


6892 




DERROR 2833 


2063* 




OFILL 2848 


2096* 




0G0 2839 


2094* 




DGPfiTS 5943 


5996* 




DGR 2846 


2188* 




DINTRG 2851 


2124* 




0LS1 2041 


2098* 




MUD 2838 


2892* 




DNOBRK 2855 


2129* 




DONE 3419 


3595* 




DPfl 2858 


2135* 




DPRBRK 2052 


2120* 




DPRfEM 2048 


2114* 




DREC 2042 


2100* 




DREL 2043 


2102* 




DRH 2050 


2118* 




DRUN 2035 


2078* 




DSB 2844 


2184* 




DSGNON 2034 


2878* 




DSHCC 2276 


2279 


2281 


DSTHI 2268 


2276* 




DSPLO 2275 


2288* 




DSPH1 2273 


2279* 




DSPMD 2277* 


3375 




DSPTIN 18411 


3188 




0SP1MP 828* 


5948 


5967 


DSS 2057 


2133* 




DTR 2059 


2137* 




DHBRK 2056 


2131* 




ELSIF1 2186 


2188 


2282* 


ELSIF2 2284 


2287 


2213* 


L'HflHI 1140* 


5398 




EHRLO 11311 


5364 




ENBLNK 529* 


3197 


6381 


mm\ 528* 


3197 


6380 


ENDF1 3388* 


3893 




ENDFIL 3872 


3884* 




ENDREC 4064* 






EOTREC 3887 


3981* 




EFTCC 969* 


2977 


3219 


EPERK 1425 


3183 


6458 


EPCNT 2921* 


3107 


3125 


EPC0N1 2785 


2885* 




EPCONT 2728 


2783* 




EPFET 3319 


3343 


4852 


EPPflSS 2937 


2952 


2967 


EPPCHI 1014* 


2779 


2914 


EPPaO 1885* 


2752 


2821 



616 632 648 670 685 788 715 739 756 773 790 887 824 
911 932 364 973 982 991 1088 1889 1818 1827 1836 1845 1854 
1890 1099 1108 1117 1126 1135 1144 1153 1162 1171 1188 1183 1198 



2564 2566 5342* 



4884 5184 



3362 3378 
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312<: 
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1433 


2334 


2336 


trKUn t4^4 
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hrKUNl Smb* 


3951 






EPRUN2 3859 


3962# 






EPRUN3 3943 


3956* 






Ef'RWM 3928 


3931 


3833* 




EFRUN5 3957 


31151 






EPKUN6 3981 


3982 


31131 




EPSSTP 5321 








EPSTEi 64471 


6448 






EPSTE2 644i' 


64561 






EHSTEP 2384 


3134 


3198 


6382 


EPSTOR 2874 


2328 


3348 


3363 




2362 


3238 




ERROR 74C 


765 


CSi 


733 


EKR0R2 2324 


23431 






EXWW 25411 


2616 






EXflra. 2601 


2618* 






EXHH2 2613 


2622* 






EXm3 2624 


2627* 






fcXfflW 26Z3 


26j2I 






EXflro 2610 


2613# 






EXF91IN 2410 


25481 


2626 


2631 


EXPnON 555t 








nXJHPl 3S78 


3396* 






FDUMP2 4926 


4039* 






FDUHP3 4935 


40381 






FWJMP4 4964 


49381 






FDUHP5 4034 


4036* 






FINDCf-' 1539* 


1699 






GOTBL 3916 


3813* 






H 1392# 


4288 


4325 




HBD1 4317 


4313* 


4313 




HBD2 4318* 


4333 
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4433 
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4535 
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4399 
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Him UN iOltjt 
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nhXKbL 4193t 


4388 






HEXBUr 13271 


3864 


3875 


3356 


HEXNIB 4135 


4138* 






HFDONE 3885 


3839 


3894* 




HFILEO 2413 


2421 


38011 


3878 


HRECIN 2416 


3417# 


3422 


3532 


HRECO 3877 


3884 


39551 




HREGfl 18531 








HREQB 10681 








HREGC 19771 








HREGD 1886* 








HREGE 10351 








HREGf U04t 








IHPLD1 1855 


2385t 






INCSMR 1431 


2625 


3528 


3873 



2947 3257 3232 
5884 



644S 6453 



6445* 

5953 6237* 

816 833 861 882 393 324 345 



4537 4538 



4833 



4675 52381 
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INCH 5239* 



INCHl 5241 


5246* 






INIT 1489* 








INITLP 1418* 


1423 






INPflDi 2187# 


2198 






INPfC* 1835 


2179* 


2493 




INPKEV 1543 


1675 


1828 


1846 


INVflLS 13461 


1381 


1417 




ITNP 786* 


1557 


1590 


1595 


1832 


1833 


1837 




JGORES 2408 


2429* 






JMFTBL 2385 


2399* 






vi fir t i '•< a 

JlCfIL 2482 


2426* 






TTe\e**\ r\ An A 

JTOGO 2481 


2424* 






JIQLST 2483 


2419* 






JT0N0D 2488 


2410* 






JTOREC 2484 


2412* 






JTOREL 2485 


2416* 






KBDBUF 1212# 


2334 


2340 


5639 


KBDI1 5881* 


5816 






KBDIN 2658 


5799* 






KGOPOL 3847 


3186 


6150* 




KCURB 1515* 


1988 






KEY 769* 


1544 


1593 


1748 


2659 


2783 


3116 


3128 


KEVCLR 1585* 


2323 


2628 




KEYDfl 1584* 


1923 


1926 




KEYEND 1581* 


1545 


1844 


2286 


KESFIL 1499* 


1983 






KEYFLG 949* 


5533 


5671 


5682 


KESTM 1512* 


1902 






KEStCC 1221* 


5550 


5644 


5660 


KEVLST 1518* 


li)04 






KEVNOD 1513* 


1981 






KESTK1 1588* 


2283 


2623 


2734 


KESTflT 1583* 


1929 






isr~i my a r^.iii 

KESW 1588* 


1923 


1926 




KESreC 1586* 


1985 






KEYREG 1509* 


1923 






KESfltL 1582* 


1986 






KEVTRfl 1507* 


1929 






KGORES 1511* 


1909 






K5ETB 1514* 


1907 






LflSTKY 907* 


5555 


555C 


5626 


LDHTR 752* 


1858 


2211 


2317 


3321 


3344 


3346 


3367 


4160 


4662 


4669 


4705 


LDBVTE 3867* 


3876 






LFEBR1 4897 


4899* 






LFEBRK 4788 


4781 


4890* 




LFEDH 4777 


4797 


4813 


4832* 


LFEINT 4779 


4878* 






LFEPtl 4776 


4783* 






LFER8 4851 


4854* 






LrEREG 4778 


4S36* 






UE18L 4773 


4776* 






LFETCH 2561 


3867 


4784* 





2196 2345 2463 2588 2658* 3115 3119 

1597 1625 1626 1646 1647 1795 1712 1715 1725 1732 1761 1838 



5811 6161 



1843 2187 2282 2205 2322 2346 2460 2590 2597 2613 2622 2627 



2347 2461 2618 3117 



JOOO 



3121 



5633 5673 

2327 2432 2436 2562 2565 2607 2614 2632 2828 2835 2919 3888 

3368 3526 3598 3629 3641 3648 3660 3666 3715 3868 4154 4157 

5828 5833 5871 5878 5106 5112 6297 6454 
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ISIS-II ASSEMBLER SYMBOL CROSS REFERENCE* V2. 1 FUGE i 



?n 
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1614 


1629 
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1721 
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1985 
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2546 


2586 


2719 


2788 


2796 


2842 


2857 


2865 


2898 


2918 


2928 


2943 


2958 


2972 


2887 


2868 




3896 


3287 


3215 


3226 


2234 


2245 


2253 


3264 


3272 


2288 


3282 


3318 


2323 


2221 


2258 
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3434 


3442 


3453 


3461 


2472 


2488 
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3515 
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4878 
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6228 
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?f)Sf)VE 12254 
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5728 


























lcJoWf 


4413 
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4469 
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746 
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814 
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829* 
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1181 


754 






























768R2 
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?68R4 


112t 


788 






























?B8R5 


113* 


885 






























788R6 


1141 


822 






























9B8R7 


1151 


839 






























781PNT 


126* 


859 


867* 


388 


888* 


901 


989* 


922 


928* 


942 


951* 












?B1R2 


119* 


867 






























?BiR2 


128t 


888 






























?61R4 


121t 


989 






























?B1R5 


122t 


938 






























7B1R6 


1231 


951 






























?B1R7 


124* 
































7CCOOE 1163* 


1561 


1561 


1561 


1567 


1618 


1616 


2398 


















TOIHOP 


415* 


1817 


2387 


2439 


2989 


3632 


5179 


5359 


5285 
















7BITS0 42171 


4411 






























78UFCN 1262* 


3438 


3444 


3511 


2517 


3532 


3542 


3962 


3968 


2982 


2988 


4844 


4854 








7BUFLE 


G4SMt 
































'Xtmi 


585» 


5876 






























7CHKSU 


791* 


3426 


3426 


3426 


2558 


3564 


3571 


3571 


2858 


285S 


3858 


4866 


4872 


4079 


4079 




7C0NST 


184* 


585 


586 


598 


594 


681 


682 


606 


618 


617 


618 


622 


626 


622 


624 


£-1(1 




642 


649 


650 


654 


658 


671 


672 


676 


688 


686 


687 


691 


695 


701 


782 






718 


716 


717 


721 


725 


4217 


4218 


4222 


4226 
















7CURDI 


912* 
































7DEBNC 


6171 
































7DSPTI 10371 


3892 


3898 




























70SPTM 


888* 
































TEMflHI 11361 


5388 






























7EHH.0 11271 


5362 






























TEPftCC 


965* 


2969 


2975 


3211 


2217 
























7EPPCH 1810* 


2761 


2777 


2912 


2354 


3368 






















?EPPa 1881# 


2734 


2758 


2886 


2814 


2819 


3327 


3333 


















7EPPSH 


974* 


2792 


2798 


2839 


2845 


2894 


2988 


2939 


2945 


2249 


3255 


2284 


22S8 








?EFR8 


992* 


2924 


2938 


3268 


3274 


4855 


4861 


5868 


5082 
















7EPTIM 


S83* 


2954 


2968 


2238 


2226 
























?FORHi 


295* 


1615 


1634 


1655 


1688 


1695 


1722 


1745 


1788 


1887 


1819 


1982 


2888 


2812 


2178 


2289 




2441 


2445 


2547 


2587 


2728 


2725 


2742 


2762 


2769 


2793 


2811 


2818 


2844 


2862 


287? 


2899 




2911 


2929 


2944 


2959 


2974 


2888 


3869 


3897 


2212 


3231 


3258 


3269 


2289 


228? 


2328 


2255 




3439 


3458 


3477 


2496 


3516 


2521 


3563 


3584 


2624 


3638 


3887 


3814 


2824 


2841 


2962 


298? 




4882 


4817 


4843 


4871 


4263 


4278 


4298 


4297 


4322 


4398 


4439 


4458 


4558 


4568 


4592 


4645 




4652 


4765 


4789 


4884 


4828 


4842 


4868 


4876 


4963 


4987 


5882 


5818 


5842 


5861 


5868 


5896 




5168 


5181 


5197 


5249 


5261 


5275 


5387 


5461 


5504 


5547 


5581 


5597 


5616 


5622 


5692 


5789 




5727 


5888 


5957 


5971 


6865 


6884 


6153 


6229 


6205 
















?F0RM2 


319* 


1638 


1659 


1692 


1782 


1986 


2739 


2749 


2766 


2776 


2797 


2815 


2825 


2866 


2216 


2225 




3254 


3273 


3311 


3332 


2259 


2442 


3462 


3481 


2588 


3811 


3821 


3838 


2848 


2967 


426? 


4277 




4294 


4384 


4482 


4649 


4659 


5865 


5881 


5465 


5681 


5628 


5636 


5713 


6869 








7F0RM3 


339* 


1755 


2823 


2452 


2887 


2541 


3651 


4853 


4222 


4449 


4468 


4568 


4578 


5528 


5981 
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7T-0RH4 356* 



OCODMS. 70Q* 


4 Kfa 
1568 


4 CTC 

15(0 


41*4 4 

1611 


4 1*: TO 

1630 


1651 


16o4 


two 


2484 


£543 


icot 
2583 


2rl6 


1T74 
2ol 


206 






TQQT 


3£0C 


7777 


T1/IC 

3£4t> 


i265 






35o0 


TOOT 

3o83 


3o30 


TOCT 

385f 






4Tf 4 
4fbl 


4ro5 


4800 


4816 


4838 


4856 




5345 


e.TT4 
53fl 


5457 


5543 


5577 


5593 


6661 


6888 


6154 


6225 


6381 






OU A "<OQ* 


4262 


4278 


4323 


4333 








4258 


4266 


4271 








OUOTTl A Q4 OA 


4285 


4293 


4298 








rntXHJ 13241 














OLOCf-o 4 acre: a 














rlmbub lo64# 














rHKLliC 18 














fnKLw Ivbdt 














fifcLub lwyit 














'"rt tfW i !C 4 4 fMA 

flffflr llwt 














1 T Thin "il J M 

7ITHP r74# 


1687 


1783 


1718 


1718 


1717 


1723 


7KE0BU 1288* 


2332 


2332 


2332 


2333 


5615 


5637 


7KCY 757* 


2582 


2588 


2595 


2595 






TKtVFL 933* 














7KEYL0 12171 


5542 


5548 


5658 


5658 


5658 


5664 


TLfKlX 891* 


5611 


5619 


5624 


5631 


5631 


5676 


TLDflTR 748t 


2818 


2826 


2833 


2833 


3633 


3639 


5856 


5864 


5869 


5876 


5876 






7LENGT 1333* 


1388 


1399* 


1442 


1527* 


1866 


18761 


2366* 


2587 


25171 


2648 


26581 


2667 


26781 


TTTjIM 

3734* 


3758 


3778# 


3S89 


3928* 


4895 


4185* 


44944 


4688 


46191 


4684 


4694* 


4713 


47231 


5388* 


5482 


5413* 


5758 


5768* 


5829 


5839* 


6258t 


6323 


63351 


6391 


64811 


6464 


64761 


68261 


6874 


6884* 


6935 


6945* 


6996 


78871 


rnLml 1154# 


3886 


3822 


3997 


4883 






OMTM fi 4 4AK* 

hum) ii4ot 


3833 


3849 


4812 


4818 


4648 


4648 


rnlNUX 156* 


Jor 


9711 


971 


976 


988# 


988 


4 &41 

1012 


4 ft* ru 
18161 


1816 


1821 


1825* 


1825 


1838 


18611 


1861 


1866 


1878* 


1878 


1875 


1873* 


4 4 0£ 

1186 


4 4 4 4 
1111 


4 4 4 C* 
1115* 


4 4 4C 
1115 


1128 


1124# 


1124 


1136 


4 4 ZTOJI 

1168* 


4 4 rn 

1168 


4 4 fC 

1165 


11691 


1169 


1174 


12851 


1285 


1218 


12141 


1214 


1219 


1223* 


4 ico 
1258 


1255 


125SI 


1259 


1264 


12681 


1268 


1388 


1384# 


1384 


1383 


13131 


1313 


1317 


TtSHVE 158# 


587 


683 


619 


635 


651 


673 


851 


872 


893 


914 


935 


967 


976 


1666 


1875 


1884 


1893 


1182 


1111 


1128 


1210 


1219 


1228 


1237 


1246 


1255 


1264 


TUTTM C £"04 ft 

rnUJLb bolt 














rntul i lot 


£330 


56/4 










rrfc/s 1 r 11!? yf 


£251 


2251 


2251 


2257 


5878 


5878 




55f b 


55o£ 


559t> 


560£ 






Oil Mffi AAOAH 

rrilflUU Holt 


1654 


4 era 
1660 


14 "77 
21fi 


14 TO 

2179 


2467 


24C7 


7OPTI0 1198* 


1633 


1639 


1683 


1691 


1696 


1783 


70VBUF 1316* 














?0VSI2 6331 














7PLUS1 6861 


2465 












7PLUS3 7811 


2249 













1718 


1768 


1784 


1883 


1978 


1996 


2174 


2258 


2331 


2789 


2887 


2848 


2858 


2895 


2925 


2948 


2955 


2978 


3285 


3383 


3324 


3351 


3425 


3435 


3454 


3473 


3492 


3983 


3998 


4813 


4867 


4259 


4286 


4394 


4412 


4589 


4872 


4959 


4963 


4998 


5814 


5839 


5857 


5892 


5164 


5612 


5657 


5675 


5689 


5785 


5723 




5877 


5953 


1738 


1736 
















5883 


5889 


6153 


6159 












5676 


arlr 
56r6 
















3646 


3646 


3652 


3658 


3658 


4644 


4668 


4667 


4667 


iyj6 


4 QAr» 
1946* 


04 AC 

2146 


14 

2156* 


2223 


t!233* 


IIOO 


2299* 2356 


3137 


31471 


3383 


3398* 


3686 


3616* 


3674 


3684* 


3723 


4138 


41481 


4169 


4179* 


4286 


4233* 


4348 


4359* 


4484 


4986 


49161 


5127 


5137* 


5213 


5224* 


5253 


5263* 


52S8 


5898 


5988# 


6822 


6832* 


6188 


6118* 


6173 


6184* 


6248 


6538 


65411 


6681 


6612* 


6675 


6685* 


6748 


6767* 


6816 


7863 


78731 


7123 














4653 


















505 


yey* 


389 


994 


ooo* 
998* 




1883 


1887* 


1887 


1834# 


1834 


1839 


1843# 


1843 


1848 


1852* 


1852 


1857 


1879 


1884 


1888* 


1888 


1893 


4 riOT* 


1897 


1182 


1186* 


4 4 OO 

ii2y 


4 4 "J">* 
llii* 


4 4 TT 

1133 


4 4 TCl 

1138 


4 4 >41« 
1142* 


4 4 A*) 
1142 


1147 


1151* 


1151 


11 78* 


4 4 TO 
1178 


4 4 0T 
1163 


4 4 OTM 

1187* 


4 4 OT 
1187 


4 4C|1 
1192 


1196* 1196 


1281 


1223 


1228 


1232* 


1232 


1237 


1241* 


1241 


1246 


1258* 


1273 


1277* 


1277 


1282 


1286* 


1286 


1291 


1295* 


1295 


4 *704 • 
1321* 


4 T*"M 
1321 


4 TUT 

1325 


4 T"TQ» 


4T1Q 

1329 










688 


783 


718 


742 


759 


776 


793 


318 


827 


985 


994 


1883 


1812 


1821 


1838 


1839 


1848 


1857 


1129 


1138 


1147 


1156 


1165 


1174 


1183 


1192 


1281 




4 Wl 

1282 


1291 


1388 


4 TOO 

1389 


4 "J4 ~t 

131 < 


1325 


4219 




5878 


5884 


5952 


5958 


5972 


5982 








2467 


2473 


2715 


2721 












1789 


1882 


1888 
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49po 


tioo 


Alio 


4^i<: 






rKnn lo^ff 




JOO 


3 ft 






Jot 


ACK.7 


11117 
XDjf 


101ft 

XOO 


xoto 


1(147 


1055 

XOJJ 


1A5fi 


1181 


1189 


1118 


1118 


1119 


1127 


1128 


1173 


1181 


1182 


1198 


1191 


1199 


1288 


1245 


1253 


1254 


1262 


1263 


1271 


1272 


181t 


748 


741 


745 


757 


758 


762 


OcJ 


826 


Rlfl 










'7PFM 1H2* 

fl\DX XKt 


R49 


R5A 


R54 


ft5fi 


R7B 

Of O 


R71 

Of X 


921 


933 


934 


938 


942 






1244* 


5688 


5694 


5788 


5714 


6864 


6878 


'>RECTS' 12711 


3495 


3581 


3579 


3585 






">REGC 1289* 


4397 


4483 


4440 


4458 


4551 


4561 


IfOTCN 878i 

. nUlvll VI Vff 














fRuirn ot./* 


55H5 


5512 

*AXX£ 


5512 


1521 


5527 


5527 


2R9WF 144* 


591 


595 


687 


611 


623 


627 


711 


7yj 


72fi 
I to 


?4fi 


7fii 


too 

IW 


797 


QOO 

-/it. 




94"? 


4221 


4227 






wr^in -] too* 














' _>lt-L t-JJff 


11R1 


1417 


xoox 


1911 


2141 

tXtX 


221 fl 


*71ft 


3753 


3984 


4890 


4125 


4164 


4281 


5233 


5397 


5745 


5824 


5893 


6817 


6095 


6811 


6869 


6938 


6991 


7058 


7118 




■ —n ant* «L^^Vn 


2485 


2485 


2485 


2491 


2757 


2765 


4988 


5182 


5379 


5376 








TCMftl n HOT* 


271(1 

fcf 


27U! 


2741 


tOOX 


2SA7 
tOOf 


2R7R 

cOf o 


4885 


4815 


4821 


4837 


4843 


4871 


4877 


5198 


5344 


5358 


6224 


6238 


6380 


6386 


■?STflRT 1339* 


1383 


1383 


1391 


14851 


1437 


1437 


19571 


2141 


2141 


2149 


21621 


2218 


2218 


2382* 


2582 


2502 


2518 


2533* 


2635 


2635 


31731 


3378 


3378 


3386 


34141 


3681 


3681 


37451 


3753 


3753 


3761 


3796* 


3904 


3984 


41511 


4164 


4164 


4172 


41901 


4201 


4201 


45251 


4683 


4683 


4611 


4635* 


4679 


4679 


49524 


5122 


5122 


5138 


5158* 


5288 


5288 


53341 


5397 


5397 


5485 


5449* 


5745 


5745 


5939# 


681? 


OOXf 


0125 

Of tJ 


OKI* 


OU7J 


fiA95 


62941 


fill ft 


£11 R 


£126 


Of XV 




ripjc 
o.soo 


5582# 


6596 


6596 


6684 


6653* 


6678 


6678 


68321 


6869 


6869 


6877 


6898* 


6936 




71141 


7118 


7118 


7126 








^STRTH 1253* 


1981 


1987 


1995 


2001 


2814 


2024 


''TS'PE 1172* 

• MIL* Al 1 CTT 


1577 


1577 


1577 


1581 


1746 
xf to 


175fi 

Xf -JO 


2548 


3883 


3889 


3864 


3870 


4760 


4766 


7UNRRV 459* 


1744 


2812 


2876 


3539 


4042 


4321 


7VERSN 18461 














7XPC0D 8251 














?2ER0 671* 


1559 


1575 


1767 


2483 


3424 


3856 


AFETCH 4784 


47591 














54£R 


571(1 










RSCERR 3784 


3711 


37151 










B 1284# 


4415 


4421 

tttX 


44f.1 


4529 


4571 
tOl X 




BCOOE 11671 


1563 


1569 


1598 


1618 


2392 




BITSO 4238# 


4422 












BRKENO 2462 
BRKERR 3830 


25881 
3888* 













992 


993 


1001 


1802 


1010 


1811 


1019 


1820 


1028 


1064 


1865 


1073 


1074 


1882 


1883 


1891 


1892 


1108 


1136 


1137 


1145 


1146 


1154 


1155 


1163 


1164 


1172 


1288 


1289 


1217 


1218 


1226 


1227 


1235 


1236 


1244 


1288 


1281 


1289 


1298 


1298 


1299 








774 


775 


779 


791 


792 


796 


888 


889 


813 


R75 

Of J 


R79 

Of J 


OVX 


R92 


ft9fi 

OJO 


9fW 


912 

JXt 


911 


917 


6079 


OOO-J 
















4538 


4594 
















619 


641 

Ot J 


655 

OOJ 


659 


677 

Of f 


681 
oox 


692 

OJC 


696 


797 


814 


821 


855 


859 


876 


888 


897 


981 


918 


2284 


2351 


2582 


2635 


2662 


3132 


3378 


3601 


3669 


4343 


4479 


4683 


4679 


4788 


4981 


5122 


5288 


5248 


6168 


6242 


6318 


6386 


6459 


6525 


6596 


6678 


6743 


2778 


3457 


3463 


3882 


3818 


3815 


4784 


4790 


4982 


2888 


3286 


3312 


3476 


2482 


3829 


383? 


2842 


4799 


4997 


5883 


5813 


5019 


5828 


5844 




5897 


5192 


1445 


1533* 


1861 


1861 


1869 


1882* 


1931 


1921 


1939 


2226 


2244* 


2284 


2284 


2292 


2318* 


2351 


2251 


2359 


2643 


2656* 


2662 


2662 


2678 


2699* 


3132 


2132 


3148 


3609 


3622* 


3669 


2669 


2677 


3695* 


3718 


3718 


3726 


3912 


3951* 


4090 


4090 


4098 


4116* 


4125 


4125 


4133 


4209 


4254* 


4343 


4242 


4251 


4285* 


4479 


4479 


4487 


4687 


4788* 


4788 


4788 


4716 


4754* 


4901 


4901 


4909 


5216 


5235* 


5248 


5248 


5256 


5279* 


5293 


5293 


5381 


5753 


5791* 


5824 


5824 


5822 


5865* 


5893 


5893 


5901 


6183 


6146* 


6168 


6168 


6176 


6220* 


6243 


6243 


6251 


6394 


6437* 


6459 


6459 


6467 


6512* 


6525 


6525 


6533 


6678 


6726* 


6743 


6742 


6751 


6772* 


6811 


6811 


6819 


6938 


6951* 


6991 


6991 


6999 


7048* 


7858 


7058 


7866 


1769 


1769 


1769 


1775 


1828 


2448 


2446 


2453 


2542 


4958 


4964 


5163 


5169 












4438 


4457 


4549 


4567 


5582 


5978 








5656 
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LOC OBJ 



USER SYMBOLS 

?fl eee4 

7B8R6 8807 

tbir? eeee 

?CONST 8883 
7EPPCH 8882 
7F0RM4 881C 
7HREGC 8882 
7KEVL0 8882 
7NCOLS 8883 
?PLUSi 8883 
?REGC 8882 
VSTflRT 830C 
HSflVE 883E 
BRKNXT 8234 
CGOPfiT 8476 
CHRRO 8560 
CIN 8649 
CNTTBL 04R1 
CONGOR 8461 
DBLRNK 85F5 
DECSM1 82TF 
OCR 815D 
OPRHEH 815F 
DSPHI 818E 
OMBRK 816D 
ENDFIL 8596 
EPTET 87B7 
EPRSET 8818 
EPSSTP 8884 
EXRMi 827B 
FDUMP2 8628 
HBD2 8405 
HFOONE 8bfi7 
HREGE 002E 
INPRD1 88C7 
JTOGO 8228 
KBOPOL 07RF 
KLS-OT 881E 
KEVREG 881B 
LFEBR1 86C1 
LFETCH 88FC 
LSI INT 8734 
HRDO 8824 
HRINC1 8875 
MEHLO 8834 
MRL 882E 
NEXTPL 883f) 
NUHCON 8838 
0RGPG2 8388 
OUTUTL 8188 
0V3BfiS 838E 
PERROR 019R 



LIME 
7243 



TfSflVE 8882 
?B8R7 8888 
?8C00E 8882 
7CUR0I 8881 
?EPPa 8882 
7F0RM5 881E 
7HREG0 8882 
7LRSTK 8881 
?NEG1 8883 
?PLUS3 8883 
?ROTCN 8881 
?STRTM 8882 
RSCERR 81C9 
BUFCNT 0041 
CGOSS 0488 
CHKERR 82E1 
CKSHOK 820B 
CNTTRfl 84RA 
COHSBR 822C 
DBPNT 0144 
DECSffl 02F4 
OINTRG 0169 
DREC 0151 
DSPLO 0194 
ELSIF1 8007 
ENOREC 8641 
EPPfiSS 8708 

mm 8408 

EPSTEl 870F 
EXRM2 8281 
F0UMP3 8636 
HBOLRV 84C9 
HFILEO 8572 
HREGF 882F 
INPfiDR 88C8 
JTOLST 82in 
KCLRB 888C 
KEVLQC 803t 
KEYREL 8814 
LFEBRK 86E1 
Lf ILL 82E9 
LSTORE 8788 
NflODC 0025 
URINO 8893 
MERROR 806C 
HRLC 8831 
NIBI3 81C2 
NXTLOC 8768 
0RGPG3 83E9 
OV0BRS 0378 
OVBUF 004E 
PGSI2E 08FO 



SOURCE STATEMENT 
END 



?B 8802 
7B1PNT 0007 
?BINOP 8022 
7DEBNC 8803 
7EPPSH 8882 
?H 8882 
7HREGE 88B2 
7L0RTA 8880. 
7NEXTP 8882 
?R1 8888 
7R0TPR 8801 
7TYPE 0002 
B 8843 
BUFLEN 8018 
CGOTRfl 0480 
CHKSUM 0005 
CL01R 05F1 
COi 05C5 
COHSIZ 0003 
OBRK 0015 
DELRV 84F2 
OLST 814E 
OREL 0154 
DSPM1 0192 
aSIF2 00E5 
EOFREC 05flE 
EPPCM 0825 
EPRUN1 048R 
EPSTE2 07F1 
EXRH3 028R 
rOUHP4 0648 
HBITHI 0027 
HRECIN 0297 
INPLEM 0208 
INPKEY 00EC 
JTOHOD 028F 
KEY 8883 
KEVLST 881C 
KEVTRH 8819 
LFEDfl 8698 
LFILL1 82F3 
LSTFtl 878C 
miN 8829 
MfllNDi 8887 
HINC 082B 
HRR 882F 
NIBIN 81B8 
CfTflBl 833F 
0RGPG4 84FD 
0V1B1 808R 
OVLORO 036R 
PINPUT 0006 



?B8PNT 8808 
?B1R2 0883 
7BITS0 0083 
70SPTI 0002 
7EPR8 8082 
THBI'lH 0802 
7HREGF 0882 
VLfcNGT 8880 
7NREPT 8882 
7RRH 8802 

one ouc i^ciaa 
rloHYt trow? 

7UNRRY 002fl 

BCOOE 0836 

BYTEIi 08F2 

CGOUB 8476 

CI8 8640 

CLRBFT* 8888 

C02 85CB 

CTRB 8823 

OCB 815fl 

0ELRY1 04F5 

OMOO 0146 

ORM 0163 

DSPMID 0198 

EMRM 8833 

EPflCC 8828 

EPPCLO 8824 

EPRUN2 0499 

EPSTEP 07OB 

EXRH4 0293 

FDUMP5 8632 

HBITLO 0026 

HRECO 0608 

INCSHR 81F2 

INVRLS 8388 

JTOREC 0211 

KEYCLR 881? 

KLVHOD 881F 

KGORES 0010 

LFEINT 06flS 

LPGSEL 04E1 

LSTR8 872F 

mm 8033 

HRNL 8026 
MML01 036F 
MRRC 8030 
NIBIN2 01Bfl 
0PTRB2 0346 
0RGPG5 85FF 
0V1B2 8313 
OVSIZE 8817 
PLUS1 8881 



7B0R2 8003 
7B1R3 8804 
76UFCN 8882 
7DSPTH 8880 
7EPTM 8882 
TtCITL 8802 
7ITHP 8800 
7HENH1 0002 
7NUMC0 8882 
7R68 0888 
TSEGflfl 8803 
7VERSN 0082 
BITSO 088E 
BVTEIN 88F0 
CHflRCK' 0880 
CU 0651 
CHOINT 88BH 
C03 85CF 
CUROIG 8885 
DDim 0167 
OCRROR 0131 
ONOBRK 816B 
DRUM 013E 
OSPTIH 0028 
EHflLO 0032 
EPCRK 834F 
EPPSW 8021 
EPRUN3 0495 
EPSTOR 07C3 
LXfl«5 0275 
FINDOP 0042 
HOfiTIN 02B9 
HREGfl 882R 
INCH 01F4 
1TNP 0004 
JTOREL 0216 
KEYDH 0016 
KEYNX1 0012 
KSETB 088B 
LFEPH 8684 
LSTBR1 0746 
LSTREG 8726 
MRINR 8852 
MBLOCK 0882 
IHOV 8828 
MXCH 8829 
NIBO 0SBB 
0PTHB3 0349 
0RGPG6 06FF 
0V1BRS 03B4 
0VSW1 0361 
PLUS3 0083 



?B0R3 8884 
?B1R4 8085 
7BUFLE 0003 
7EHRHI 8082 
7F0RM1 8816 
7HEXEU 8883 
7KBDBU 0082 
7MEML0 0002 
70PTIO 0082 
VRB1 0081 
7SIZE 088E 
7XPC0D 8080 
BRKEND 8240 
BYTEO 01DB 
CHRRIN 81C0 
C12 8659 
CMPMRS 85E2 
CODEBL 8886 
DflTRBL 000C 
OOflMEH 0161 
OFILL 014B 
DONE 02E0 
OSB 0157 
D5PTNP 0886 
ENBLNK 0802 
EPCNT 8441 
EPR8 8823 
EPRUN4 8482 
EPTIMR 8822 
EXRMIN 024F 
60TBL 0471 
HEXflSC 01E6 
HRLGB 882B 
lNCHi 81FC 
JGORES 8226 
KB06UF 8838 
KEStND 8813 
KEYPRT 8815 
LflSTXV 8084 
LFER8 006 
LSTBR2 8748 
LSTIBL 8786 
MfllNB 8069 
MOEC 802C 
HOOOUT 0020 
HXRL 8828 

nobrk mm 

OPTION 0839 
0RGPG7 07FO 
0V2B1 8313 
OVSHfiP 835fl 
PRNT1 0117 



7B8R4 0805 
?B1R5 0886 
?CHflRN 0063 
7EHRL0 0882 
7F0RM2 0018 
?HREGfi 0882 
7KLY 8000 
7MINDX 8875 
70VBUF 8803 
7R0ELR 0802 
75MRHI 0002 
7ZER0 0883 
BRKERR 04fi6 
CGO 846B 
CHRRLf 888fl 
CI3 0662 
CMPRET 05F0 
C0MC8R 0228 
DflTO 062C 
OEBNCE 0008 
OGO 0149 
OPfl 0172 
OSGNON 0137 
DSS 816F 
ENBRftM 8881 
EPC0N1 8411 
EPREL 9714 
EPRUN5 84B3 
ERR0R2 81B6 
EXPMON 8888 
K 0045 
HEXBUF 0065 
HREGC 002C 
INIT 8800 
JMPTBL 0206 
KB0I1 06C6 
KEVFIL 0010 
KESVM 08ifl 
LDflTfl 0082 
LFEREG 069C 
LSTBRK 8730 

m 0010 

HRINB0 009E 
H0JN2 0020 
NORL 0027 
NCOLS 0004 
NOVflLS 0023 
ORGPG0 0100 
OUTCLR 0102 
0V2BflS 03BH 
PBRK 0019 
PRNT2 0108 



7B8R5 0806 
VB1R6 000? 
VCHKSU 8888 
TEPflCC 8882 
7F0RN3 88in 
7HREGB 8882 
7KEYFL 8881 
'HSflVE 8881 
TWjU 8003 
VREC1V 0882 
TSHflLO 8882 
RFETCH 8678 
BRKFIL 822E 
CGONB 847C 
CHRRNO 0088 
CI4 0665 
CN1KLZ 081P. 
COH-IL 02E5 
OflTOl 862E 
OECLflR 8003 
DGPflTS 08EF 
OPRBRK 0165 
OSPflCC 0603 
01 R 0175 
EN0F1 059E 
EPCONT 0415 
EPRET 04C? 
EPRUN6 84BH 
EXAH0 0250 
FOUNPl 861? 
HB01 0407 
HEXNI6 01EF 
KREGO 0020 
1NITLP 008E 
JTOFIL 0222 
KBD1N 06C2 
KEVFLG 8886 
KEmc 8818 
LOBVTE 8582 
LFETBL 86?E 
LSTOH 0721 
HI 8828 
HRINB1 00R8 
HEMHI 8835 
HPUSEL 8848 
NtGl FFFF 
NREPTS 8830 
0RGPG1 81F0 
OUTHSG 0104 
0V3B1 8311 
PDIGIT 000E 
PSEGHI 0880 



All mnemonics copyrighted © Intel Corporation 1976. 
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APPENDIX C 
COMMAND SUMMARY 

The following is a summary of the commands im- 
plemented by the HSE-49 emulator monitor. Within each 
command group, tokens in each column indicate op- 
tions the user has when invoking those commands. 

Tokens in square brackets indicate dedicated keys on 
the keyboard (some keys having shared functions); 
angle brackets enclose hex digit strings used to specify 
an address or data parameter. Parameters in paren- 
theses are optional, with the effects explained above. 
The notation used is as follows: 

<SMA> — Starting Memory Address for block command, 
<EMA> — Ending Memory Address for block command, 
<LOC> — Location for individual accesses, 
<DATA> — DATA byte. 



Asterisks (*) indicate the default condition for each 
command; thus that token is optional and serves to 
regularize the command syntax. 

Program/data entry and verification commands: 

[EXAM] [PROG MEM]* <LOC> [,] [NEXT] 
[DATA MEM] [PREV] 
[REGISTER] [.] 
[HWRE REG] 
[PROG BRK] 
[DATA BRK] 

Program/data initialization commands: 

[FILL] [PROG MEM]" <SMA> [,] <EMA> [,] <DATA> [.] 
[DATA MEM] 
[REGISTER] 
[HWRE REG] 
[PROG BRK] 
[DATA BRK] 

Intellect development system or TTY interface com- 
mands (for transferring HEX format files): 

[UPLOAD] [PROG MEM]- <SMA> [,] <EMA> [.] 
[DATA MEM] 
[REGISTER] 
[HWRE REG] 
[PROG BRK] 
(DATA BRK] 

[DNLOAD] [PROG MEM]" (.] 
[DATA MEM] 
[REGISTER] 
[HWRE REG] 
[PROG BRK] 
[DATA BRK] 

Formatted data dump to TTY or CRT: 

[LIST] [PROG MEM]" <SMA> [,] <EMA> [.] 
(DATA MEM] 
(REGISTER] 
[HWRE REG] 
[PROG BRK] 
[DATA BRK] 



Program execution commands: 

[GO] [NO BREAK]" (<SMA» [.] 

[W/ BREAK] [,] 
[SING STP] 
[AUTO BRK] 
[AUTO STP] 

[GO/RST] [NO BREAK]" [.) 
[W/ BREAK] 
[SING STP] 
[AUTO BRK] 
[AUTO STP] 

Breakpoint setting and clearing: 

[SET BRK] [PROG MEM]" <LOC> ([,] <LOC> ... ) [.] 
[DATA MEM] 

[CLR BRK] [PROG MEM]" <LOC> {[,] <LOC> ... ) [.] 
[DATA MEM] 

APPENDIX D 
ERROR MESSAGES 

The following error message codes are used by the 
monitor software to report an operator or hardware er- 
ror. Errors may be cleared by pressing [CLR/PREV] or 
[END/.]. The format used for reporting errors is 
"Error- .n" where "n" is a hex digit. 

Operator Errors 

1. Illegal command initiator. 

2. Illegal command modifier or parameter digit. 

3. Illegal terminator for Examine command. 

4. Illegal attempt to clear Error mode. 
5-9. Not used. 

Hardware Errors 

A. ASCII error — non-hex digit encountered in data 
field of hex format record. 

B. Breakpoint error. Break logic activated though break- 
points not enabled. 

C. Hex format record checksum error. Note — the 
checksum will not be verified if the first character of 
the checksum field is a question mark ("?") rather 
than a hexidecimal digit. This allows object files to 
be patched using the ISIS text editor without the 
necessity of manually recomputing the checksum 
value. 

D. Not used. 

E. Execution processor failed to respond to a command 
or parameter passed to it by the master processor. 
EP automatically reset. EP internal status may be 
lost. Program memory not affected. 

F. Not used. 
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Microcontroller includes a-d converter 
for lowest-cost analog interfacing 



Adding hardware for analog-to-digital conversion 
to a single-chip microcomputer cuts interface software 
and component count for high-volume control applications 

by W. Check, E. Cheng, G. Hill, M. Hollen, and J. Miller, inteicorp., santaciam, Cain. 



□ Microcomputers' plunging size and cost are creating 
a rising new market: low-cost controllers that end up in 
automobiles, appliances, and consumer products. Now 
that the technology is available to integrate a high- 
performance 8-bit analog-to-digital converter and a 
microcomputer on a single chip, the tremendous need for 



low-cost analog interfacing has hastened the develop- 
ment of just such a device: the 8022. By integrating the 
a-d converter and other useful features, the chip achieves 
the minimum system cost possible for high-volume 
controller applications involving analog signals. 

The heart of the 8022 is the 8021 general-purpose 
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1. All aboard. The first single-chip microcomputer with a built-in 8-bit analog-to-digital converter is Intel's 8022. Around a foundation of the 
8021, the chip packs several features that suit it to control applications: two multiplexed analog inputs, a zero-crossing detector, two 7-mA 
digital outputs that are part of Port 1. and a total of 26 digital input/output lines, eight of which have voltage-comparator inputs. 
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2. The converter. The 8022's a-d converter uses successive approximation. A multiplexer selects either of two inputs, which is sampled and 
held. The successive-approximation register holds a byte that taps off a voltage from a 256-resistor divider through decoding logic. Input is 
compared with tapped voltage; when the two are equal, the held byte is sent to the conversion-result register. 



microcomputer with built-in read-only and random- 
access memories, which go a long way since many func- 
tions are carried out in hardware or require minimal 
software. The 802 l's modular design facilitates its use as 
a cornerstone for more highly integrated designs like the 
8022. This new design, like the 8021, is a member of the 
MCS-48 family of single-chip microcomputers, and its 
on-chip a-d converter makes the family even more useful 
in such high-volume, cost-sensitive application areas as 
household appliances. 

A microcomputer plus 

Operating on a single + 5-volt power supply, the 8022 
contains all the functions necessary for digital process- 
ing, plus digital or analog control. On the chip, as 
diagrammed in Fig. 1, are 2 kilobytes of ROM, 64 bytes 
of ram, an 8-bit central processor with more than 70 
instructions (a subset of the higher-performance 8048), 
an internal timer/event counter, a clock and oscillator, 
the 8-bit a-d converter with two analog inputs, and 26 
digital input/output lines. 

All parts of the a-d converter are integrated onto the 
chip— no external components are required. Conversion 



is performed entirely with hardware by a successive- 
approximation technique and takes 40 microseconds to 
complete. The only software is three single-byte instruc- 
tions: select analog-input (SEL ANo), select analog- 
input 1 (sel ani), and read the analog-to-digital conver- 
sion result (rad). 

Flexible I/O lines 

The 26 digital input/output lines are organized into 
three 8-bit general-purpose ports and two test pins, T 
and T]. The three ports are quasi-bidirectional— each 
line can be programmed for input or output. Adding to 
the flexibility is an optional mask operation that elimi- 
nates the pull-up resistor for the metal-oxide-semicon- 
ductor drive transistor on each line, creating an open- 
drain output. The open drains are useful in driving 
analog circuits and for certain loads such as keyboards. 

Port also has variable-threshold voltage-comparator 
inputs with a common reference pin (Vu,). This setup can 
accommodate such input situations as high noise 
margins, low-voltage (10-to-15-v) touch switching, and 
expansion of the analog inputs. Two input/output pins 
(Plo and PI i) provide for high-current drive; each sinks 
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3. Low-voltage touch. Because port has variable-threshold comparator inputs on each of its eight lines, new input configurations are 
possible, such as this low-voltage touch switch. Touching the panel momentarily pulls down the comparator input. The high-voltage driver, 
which may be a single transistor or part of a hex driver, then recharges the panel. The port is read by the microcomputer as is any other. 



7 milliamperes, more than four times the 1.6-mA load of 
standard transistor-transistor-logic outputs. In many 
applications of the 8022, 7 mA can eliminate the need for 
discrete drive transistors. 

The lower half of port 2, in addition to serving as 
general input/output, may be hooked up as a bus for 
attaching I/O expander units, such as the 8243, or 
discrete ttl parts for low-cost I/O expansion. Operations 
of the 8243 are synchronized by the port-expander 
strobe pin, a feature that is especially useful for 
input/output expansions designed with standard tran- 
sistor-transistor logic gates. 

The two test-pin inputs can be tested directly with two 
conditional-branch instructions. T can interrupt the 
system, while Ti also can detect the zero crossing of ac 
signals — a plus when it comes to firing triacs for phase 
control of motors. 

The a-d converter 

The 8022's a-d converter has two multiplexed input 
channels. Channel selection by either the sel ano or sel 
ANl restarts the conversion sequence. A valid digital 
value can be read with the RAD instruction during the 
fourth instruction cycle after a select instruction. 
Conversions occur continuously, and rad may be 
executed at any time with confidence that the sample is 
no more than 40 us old. Typical software for reading two 
sequential a-d conversions would be: 

SEL ano Starts conversion 

mov ro,#24 Setup memory pointer 

RAD First conversion to accumulator 

mov@ro,a Store first value 

INC R0 Ready for next conversion 

rad Second conversion to accumulator 

mov@ro,a Store second value 

As shown in Fig. 2, the conversion hardware itself has 



three parts: a series string of resistors, a voltage compar- 
ator, and successive-approximation logic. The string of 
256 resistors divides the voltage between V„ and V DU 
(the reference pin) into 256 voltage steps. This configu- 
ration gives the converter inherent monotonicity. Decode 
logic selects the appropriate tap and transfers that 
voltage to the comparator block. 

The conversion logic 

The comparator amplifies the difference between the 
analog input and the voltage tap. This difference is 
presented to the successive-approximation logic. Eight 
comparisons result in a fully converted byte being trans- 
ferred to the conversion-result register. All comparisons 
are performed automatically by on-chip hardware; 
executing the rad instruction moves the contents of the 
crr to the accumulator. 

Novel circuit design (see "The a-d converter: how it 
was done," p. 27) gives the converter 8-bit resolution 
over the full input range of V 8S to V cc . This capability 
simplifies direct connection to sensors, reduces software, 
and provides fast, 40-microsecond conversions. The sep- 
arate power-supply pins complete the analog block and 
keep the converter isolated from digital-noise sources. 
The instruction set 

To conserve memory and maximize throughput, most 
instructions in the 8022 are single-byte and single-cycle; 
no instructions are longer than 2-byte, two-cycle. The 
cycle time is 10 /us. 

The overall efficiency of the instruction set is 
enhanced for control applications by the extensive condi- 
tional-branch logic that has been built into the micropro- 
cessor. For example, the instruction to decrement a 
register and jump if not zero (djnz) allows loops to be 
formed in one 2-byte instruction. Similarly, the instruc- 
tion to move to the accumulator from the current page 
(movp a, @ a) allows table look-up for constants or 
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display formatting with just a single 2-byte instruction. 

The 64-byte ram integrates the hardware stack and 
data memory. The first eight memory locations are 
designated as working registers and are addressable by 
any of the 1 1 direct-register instructions. Besides 
increasing the variety of operations that can be 
performed on data in memory, this approach further 
reduces the number of instruction bytes required for 
processing. Working registers and 1 also may be used 
as pointers to indirectly address all locations in memory, 
using the indirect-register instructions. 

The next 16 bytes of ram may be used as the address 
stack to enable the processor to keep track of the return 
addresses generated from call instructions and to handle 
interrupts. Since each address is 1 1 bits long, 2 bytes are 
needed to store each address. Thus, the 16 bytes of 
address stack allow a total of altogether eight levels of 
subroutine nesting. 

A 3-bit stack pointer supplies the locations that are 
loaded with the next return address generated. This 
stack pointer is incremented when a return address is 
stored and decremented when an address is fetched 
during a return. If an application does not require all 
eight levels of subroutine nesting, the free portion of the 
address stack may be used as standard ram. 

Other on-chip features 

The 8022 contains its own clock and oscillator 
circuitry and requires only an external timing control 
element to generate all internal timing signals. For 
highly cost-sensitive applications an inductor may be 
used as this element. If a more precise clock is required, 
the designer may specify a crystal or external clock for 
the application. 

To further reduce the user's system cost and to permit 
use of the chip in noisy environments, the power-supply 
tolerance has been increased, permitting a range from 
4.5 to 6.5 v. Less filtering and regulation is necessary, 
therefore, and the microcomputer's immunity to noisy 
power supplies is greater, as well. 

The programmable 8-bit timer/event counter accu- 
rately monitors elapsed time, avoiding the software over- 
head of timing loops. Once it has been loaded with the 
contents of the accumulator, its divide-by-32 prescaler is 
incremented for each system clock cycle and at prescaler 
overflow. A timer flag is set at overflow. Once activated, 
it can be tested by a conditional-branch instruction to 
generate an interrupt. Total count capacity is 8,192 
instruction cycles or 81.9 milliseconds, for the 10-ns 
cycle time. 

The timer may also be used as an event counter where 
the test pin Ti serves as a counter input. Upon command, 
the chip wil) respond to a low-to-high transition on the 
pin by incrementing its timer. 

Comparator inputs 

The input/output port of the 8022 has several prop- 
erties that ease analog interfacing problems. Two of 
these features are moderate-gain voltage comparators 
and pull-up resistors on each line that either may serve 
as standard ttl outputs or may be masked out to give 
open-drain outputs. 
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4. Zero-crossing detector. Useful in timing the firing of triacs for ac 
phase control of appliances or getting a real-time clock, the 8022's 
T, test pin detects the crossing of a waveform's dc level by its rising 
edge. One hundred millivolts of hysteresis prevents chattering, and 
the ac frequency is limited to 1 kilohertz. 

The comparators are especially handy for troublesome 
inputs. The comparator at each pin accurately compares 
that line to the threshold-voltage reference pin, Vm, 
within about 100 millivolts in the range from V„ to 
V«/2. Allowed to float, V lh will bias itself to the digital 
switch point of the other ports, and port then behaves 
as a set of conventional digital inputs. 

However, the switch point can be both tightly 
controlled and adjusted by specially biasing V ltl . Uses for 
this would include high-noise-margin inputs (up to 
V„/2), unusual logic-level inputs as from a diode- 
isolated keyboard, analog-channel extension, and direct 
interfacing of capacitive touch panels. The comparator 
action is automatic, and the port is read just as is any 
other port. 

Three advantages 

Since the on-chip comparators allow small voltage 
changes to be detected, a cost-effective and safe touch 
panel can be built. Many appliances using touch panels 
have as much as 100 volts at the panel, albeit with 
extremely low power. The comparators in the 8022, 
however, permit appliance touch panels to be operated in 
the 10-to-15-v range. 

The advantages of a low-voltage touch panel are three. 
First, it costs less to generate and switch the lower 
voltage. Then, since the keyboard operates at below 30 v, 
it is an Underwriters Laboratories' class II system, 
which can sharply cut the time required for approval. 
Finally, the possible product-liability problems asso- 
ciated with high-voltage operation disappear. 

Simplified capacitive touch-panel operation is shown 
in Fig. 3. Contact with the panel drives both the voltage 
buffer and input to ground. When port is read, a on 
any line indicates a touched switch. The microcomputer 
drives the voltage buffer to recharge the panel. Matrix 
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5. Ovon controller. The use of the 8022 is demonstrated in this controller for a combination microwave and conventional oven. The chip 
needs no assistance in figuring temperatures from thermistors connected to its analog inputs, reading inputs from a touch panel, detecting 
zero-crossing of ac for firing triacs and gating clocks and timers, direct-driving an alarm, and storing cooking-time instructions. 



switch panels may also be sensed by the comparators. 

Each pin on port may or may not have an internal 
pull-up resistor: the option is chosen during selection of 
the ROM program code. If a resistor is left out for a given 
pin, the output appears as a true open drain for the range 
V„ to V„. There is no temporary low-impedance drive to 
V«, as is the case with the remaining quasi-bidirectional 
ports. With open drains, accurate output waveforms can 
be generated, and operational amplifiers can be driven 
directly, for example. 

The zero-crossing detector 

Although the T, test pin on the 8022 may be driven 
directly by a digital input, it has special circuitry to 
detect an ac signal crossing its average direct-current 
level. The signal required for the zero-cross detection 
mode must be 2 to 4 v peak to peak and have a 
maximum frequency of 1 kilohertz. It couples to T, 
through an external capacitor. 

Figure 4 shows the waveforms for zero-crossing detec- 
tion. The internal digital state of T, is sensed as a 0, until 
the wave's rising edge crosses the average dc level, when 
it becomes a 1 . The digital transition takes place within a 
5° phase from the zero point. The digital level then 
remains at 1 until the input goes approximately 100 mv 



below the zero point on the falling edge. The 100-mv 
hysteresis keeps noise from causing chattering of the 
internal signal. 

The zero-crossing detection capability allows the 
applications designer to make the 60-hertz power signal 
the basis for system timing. All timing routines, 
including time of day, can be implemented with the 
signal and just a few conditional jump instructions. 

Moreover, since Ti is also an input to the external 
event counter, the detection feature may be combined 
with this counter to interrupt processing at the critical 
zero-crossing point. Thus the user can trigger phase- 
sensitive devices, such as triacs and silicon-controlled 
rectifiers, and use the 8022 in such applications as shaft- 
angle measurement and speed control of motors — 
anywhere that the zero crossing of a waveform provides 
timing information. 

An oven controller 

The 8022's high level of functional integration 
provides a single-chip solution to sophisticated, high- 
volume controller applications that have required rela- 
tively expensive multichip designs. An example is a 
controller (Fig. 5) for a stove with a combined micro- 
wave and conventional oven and range-top burners. 
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The a-d converter: how It was done 



The drive to increase the density of large-scale integration 
leads to continually improving control of small geometries. 
In fact, self-aligned silicon-gate processes now allow 
arrays of identical resistors and access transistors to be 
almost as densely packed as memory arrays. 

The resistive ladder on the 8022 is a string of 256 
matched diffusion resistors with access gates to each tap. 
Process geometry and resistivity control matches these 
within 8-bit accuracy without trimming or special process- 
ing. Any mismatched resistors simply expand or contract 
the voltage between taps. Even shorted resistors cannot 
cause nonmonotonic voltage outputs. 

Design of the voltage comparator requires offset 
voltages smaller than could be expected from the stan- 
dard memory/microprocessor process. So a chopper- 
stabilized design is used to compensate for offset inher- 
ently. Similarly, the low supply voltage of 4.5 to 6.5 volts 
does not allow sufficient gain or operating range from a 
differential stage. Thus a single-ended approach is used to 
increase gain. Carefully devised circuit tricks are enough 



INPUT 
VOLTAGE 



to convert this stage into a differential comparator. 

As shown, the basic gain stage is a logic element biased 
into its linear-gain region. Biasing is done while the input 
voltage is forced to the other side of the sample capacitor. 
When the bias gate is turned off and the ladder voltage is 
selected, the stage essentially amplifies the difference 
between the two voltage levels. 

A string of these stages forms the comparator block. 
The input voltage has no effect on the amplifier bias point 
and therefore will not affect gain. This allows comparison 
down to voltages as low as V„. 

Comparison with V« was made possible by judicious 
use of bootstrap circuitry. To limit bootstrap drivers, the 
voltage comparison actually occurs at half this external 
level. This allows all ladder select voltages to be simply V„ 
or Vc,. Both resistive and capacitive dividers are used to 
drop the two comparison voltages to their internal level. 

Finally, the capacitors inherent in the amplifier become 
the sample-and-hold mechanism that allows only one 
voltage sample to be taken per conversion. 




VOUT 



LINEAR GAIN 
REGION 




Twenty keys enter timing and cooking instructions, and 
a four-digit display shows cooking time, temperature, 
and the time of day. Two temperature-sensing thermis- 
tors are employed, one for standard use and the other for 
microwave use. 

While such a system could be controlled by a conven- 
tional 4-bit or 8-bit microcomputer, external circuitry 
would be required to interface the keyboard, convert the 
analog signals to digital data, drive an audio alarm, and 
determine the zero-crossing point of the 60-hz power 
wave for timing functions and magnetron control. The 
8022 reduces this multichip system to a single chip. The 
computer-plus-converter chip can save the oven maker 
upwards of several dollars in parts costs. 

In this application, the 8022 program memory stores 
all control programs, cooking and power-cycling algo- 
rithms, and timing routines. Its 2-kilobyte ROM is large 
enough to provide for easy expansion of oven features 
and product differentiation. The on-chip ram stores 
temperatures, power-level and timing settings, and all 
intermediate computational results. 

The analog signals from the conventional temperature 
sensor and the microwave meat probe feed directly into 
the two analog inputs on the 8022 without any additional 
circuitry. What's more, the chip's 8-bit a-d converter 
gives more accurate temperature sensing than most 
existing discrete configurations. 

The keyboard interfaces directly to the device through 
port 0. The keyboard in this application can be either a 



capacitive touch panel or a conventional switch type, 
since the 8022 directly interfaces either. 

The Ti pin in the zero-crossing detection mode estab- 
lishes an accurate time base for all timing routines, 
including cooking cycles, presetting functions, and time 
of day. To accomplish this, the chip detects a zero 
crossing using the two conditional-jump instructions 
associated with Ti: jti and jnti. Then it increments a 
register in data memory, effectively keeping track of 
elapsed time. Using this technique, a time-of-day routine 
can be written for most applications in less than 30 bytes 
of code. 

Control of the magnetron 

The zero-crossing detection capability also efficiently 
controls the microwave's magnetron. To minimize 
current surges through the system, the magnetron should 
be fired at the peak of the ac wave (90°). To achieve this 
performance, the 8022 detects the zero crossing point 
with its T, pin and delays the 90° phase shift with the 
internal timer. 

The high-current drive pins, Pl and PI,, are tied 
together to directly drive a piezoelectric alarm, which 
requires 10 to 15 mA of current." The remaining I/O lines 
are used to drive the display and status indicators, to 
monitor the door interlock, and to control the triacs that 
switch the burner and oven heating elements. The 
internal timer controls the refreshing of the displays and 
the scanning of the keyboard. □ 
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Microcomputer's on-chip functions 
ease users' programming chores 

The one-chip 8022 includes hardware, such as an a-d converter, 
that combines with the instruction set for easy development of routines 



by William F. Ittner and Jeffrey A. Miller, mteicorp., samaciara, cam. 



□ A single-chip microcomputer that incorporates ana- 
log-to-digital conversion, comparator inputs, and ac 
zero-crossing detection is a strong candidate for low- 
cost, high-volume applications. Moreover, to maintain its 
front-runner position, the new 8022 has been designed 
for ease of programming: many common routines are 
invisible to the user because they are performed in 
on-chip hardware. 

The 8022's instruction set, in conjunction with its 
hardware features, affords programming ease in the 
development of routines for translating analog signal 
levels, monitoring temperatures, reading capacitive- 
touch-panel inputs, controlling phase-sensitive thyristors, 
and calculating the time of day. For example, perform- 
ing an a-d conversion requires software only to select the 
appropriate analog input; the actual conversion is 
performed entirely in hardware. This leaves room in the 
program memory for additional system functions. 
Furthermore, the instruction set accommodates bit 
handling, binary and binary-coded-decimal arithmetic, 
and direct table look-up, and it has extensive facilities 
for input selection and input-based program jumps. 

The 8022 [Electronics, May 25, p. 122] is the first 
general-purpose single-chip microcomputer to offer an 
on-chip a-d converter. While retaining the 8-bit central 
processing unit, 64 bytes of random-access memory, 
clock, zero-crossing detection, and timer/event counter 
featured in its 8021 predecessor, the new chip doubles 
the read-only memory to 2 kilobytes and provides 
comparator inputs on eight input/output lines, five more 
digital i/o lines (including an extra test pin), full inter- 
rupt capability, and two 8-bit a-d input channels. Such a 
decrease in system component count cannot help but 
minimize cost and increase reliability. 

Easy a-d conversion 

The 8022's a-d converter has two multiplexed chan- 
nels, selectable with the sel ano (select analog input 0) 
or sel an i (select analog input 1) instructions. Built-in 
successive-approximation hardware accomplishes the 
conversion. The select instructions and the rad 
command (read a-d conversion result) are the only soft- 
ware instructions necessary. The select instructions 
restart the continuously occurring conversion process, 
but do not affect the conversion-result register. The new 
valid digital value can be read from the crr during the 



fourth cycle after a select instruction and every fourth 
instruction cycle thereafter. 

An application that points up the advantages of this 
easy-to-use on-chip converter is monitoring temperature 
in an oven controller. The temperature is sensed by a 
thermistor probe located in the oven (Fig. 1). In such a 
system, noisy analog signals are apt to prevail, obscuring 
the readings. But since so few instructions are needed for 
each sampling, a software filtering technique can be 
added at little expense for increased accuracy. One soft- 
ware filtering method is to average each reading with the 
previous samples: 

SEL ANO ;Start conversion 

MOV R0, #30 ;Point to storage location of previous 

a-d sample average 

rad ;Read second sample result 

add A, @ro ;Add last sample to new sample 

rrc A ;Divide by 2 

mov @ro,a ;Store new average 

Excessive noise may require averaging of many read- 
ings taken over a short period of time. Program 1 
illustrates a method of computing the average of 16 
readings. In such averaging, it is necessary to select the 
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1. Talk about simple. To sense temperature with the 8022, ail that is 
needed is a thermistor pulled up to the supply. Simpler yet are the 
instructions to sense the voltage divider's potential: select analog 
input (SEL ANo), and read conversion-result register (RAD). 
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PROGRAM 1 : 16 CONSECUTIVE READINGS 
OF SAME ANALOG INPUT 


MOV 


R4 #00 


clear temp. MSB result register 


MOV 


RO #26 


t£it i in r\r\i nt or 
Mr I LlfJ pvilllOf 


MOV 


9R0 #00 


r-loar rem lit rMii«1«M> 

LIOO( 1 Cyi >LC 


SEL 




select St start conversion 


MOV 


R2 #16 


1 6 readings 


LOOP: RAD 




read result 


ADD 


A, »R0 


LSB 


MOV 


9R0. A 


save new LSB 


CLR 


A 




ADDC 


A, R4 


MSB add carry to R4 


MOV 


R4, A 


save new MSB 


DJNZ 


R2, LOOP 


next reading 


SWAP 


A 


MSB into MSN 


XCH 


A, ®R0 




SWAP 


A 


divide by 16 


XCHD 


A. @R0 


location 26 in 






RAM now contains 






the average value 






of 1 6 conversions 






over a period of 






1.44 msec 



appropriate analog channel only once. Thereafter, a new 
conversion result is available every four instruction 
cycles. 

Often noise on the analog input is due to 60-hertz ac 
pickup. To minimize this interference, analog signals 
should be synchronized with the line voltage, accom- 
plished in the 8022 by the on-board zero-crossing- 
detection circuitry. The combination of line synchroniza- 
tion with simple filtration renders digital values imper- 
vious to line-generated noise. 

Signal averaging may be used for more than noise 
filtering. Since it can be applied to either channel 1 or 
channel (whichever is selected with a SEL anx instruc- 
tion), each channel may monitor different functions in 
one system, such as temperature and pressure in a 
process-control application. The fast a-d conversion time 
permits rapid switching between the two channels. 

A similar software technique permits measuring the 
same variable in two different locations and comparing 
the two results, as in checking the internal and external 
temperatures in an automotive climate-control applica- 
tion. Program 2 shows the coding that is required to 
perform a magnitude comparison between the two 
analog channels. The time elapsed between channel 
switching is a mere 50 microseconds. 

Comparator inputs 

To ease interfacing with devices presenting trouble- 
some l/o links, the 8022's port incorporates compara- 
tor inputs controlled by a common voltage-reference pin 
and an option of a pull-up resistor or an open-drain 
output. Each of port O's eight pins has a moderate-gain 
voltage comparator, which compares to a common refer- 
ence pin (V, h ) with ± 100-millivolt accuracy, within a 
analog reference voltage range of V„ to V„/2. The 
biased Vu, pin will ensure a tightly controlled switching 
point. 

A typical use for port is in the interfacing with the 
capacitive touch panels on microwave ovens and other 
new appliances. A touch-panel switch consists of two 
capacitors in series. One lead is attached to a high- 



PROGRAM 2: MAGNITUDE-COMPARISON ROUTINE 



SEL 


ANO 


start conversion 


MOV 


RO. #24 


set up pointer 


RAD 




read conversion result 


SEL 


AN) 


start other conversion 


CPL 


A 




INC 


A 




MOV 


©RO. A 


save first conversion 


RAD 




read second conversion 


ADD 


A, @R0 


add first conversion 






A equals the differential 






in ones complement 


JZ 


EQUAL 


ANO = AN1 


JC 


LESTHN 


ANO <AN1 






ANO >AN1 



voltage buffer (10 to 30 volts). The other is attached to 
the port sense input. As a finger touches the common 
point, the drive signal is shunted by body capacitance, 
attenuating the signal reaching the input. 

Low-voltage touch-panel operation (less than 30 V) is 
possible, since the comparators allow small voltage 
changes to be detected. Most of the present touch-panel 
designs require a 50-to-100-v drive on the touch panel. 

Capacitive touch panels can be multiplexed in the 
same manner as can mechanical keyboards (Fig. 2). The 
vacuum fluorescent display and the touch panel are 
integrated to optimize hardware through shared high- 
voltage buffers. 

Program 3 lists the software that is necessary to 
refresh the display and scan the touch-panel matrix. This 
routine could be adapted to serve as part of a timer/in- 
terrupt scheme that would generate an interrupt at 
precise intervals for a flicker-free display. Another 
portion of the software would check for any touched 
input pads, test for valid entry, and enter key-depression 
codes into the main program. 

Correcting pad imbalance 

A common problem with capacitive touch panels is 
their imbalance. Layout process, aging, and surface 
impurities all cause the capacitance to vary from touch 
pad to touch pad, resulting in a family of curves (Fig. 
3a) of voltage levels from each column of touch pads 
reaching the sense inputs. As the curves show, if thresh- 
old voltage V lh i alone were used, one column would 
always appear touched; if V, h2 were used exclusively, 
three of the columns would never appear touched. 

To compensate for such varying capacitance levels, 
the on-chip analog-input circuit may be used to allow 
multiple input voltage levels. Figure 3b depicts the 8022 
version of such a circuit. ANO and V, h are tied together 
with a capacitor to line of port 0. The pull-up resistor 
option is used on line to provide an RC timing network 
connected to ANO, V, h , and P0 . The remaining seven 
lines of port are the sense lines for the touch panel and 
use the open-drain-cutput option. 

Handling the different voltage levels would begin with 
initializing the data by plotting the family of curves with 
the ANO input. This is done by writing a to POo 
(grounding P0 ) which initializes V,„ to v. A logic 1 is 
then written to P0 , which begins to pull the RC network 
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(ACCESS TO ANALOG- 
CONVERTER SUPPLY FOR 
EXTERNAL FILTERING) 



4-BY-4 CAPACITIVE-TOUCHPANEL MATRIX 



□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 
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VOLTAGE 
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VACUUM FLUORESCENT DISPLAY 



2. Multiplexed touch panel. A capacitlve touch panel and high-voltage display may be combined in much the same way as a mechanical 
keyboard and light-emitting-diode array. To save hardware, an obvious choice is to share the high-voltage drivers. 



PROGRAM 3: DISPLAY REFRESH KEYBOARD SCAN ROUTINE 



LOOP: 



CLR 


A 




OUTL 


P1, A 


turn off segment drivers 


OUTL 


PO, A 


turn off digit drivers and panel strobes 








MOV 


A,#OFH 




OUTL 


PO, A 


float sense inputs 


ORL 


A, R3 


new strobe position 


OUTL 


PO, A 


turn on strobe 


IN 


A, PO 




MOV 


R4, A 


save sense inputs 


MOV 


R0.#D1SP4-1 




MOV 


A, R3 


strobe position into A 


OUTL 


PO, A 


GND tense inputs 


RLC 


A 


rotate digit strobe into carry 


INC 


RO 


next digit location' 


JNC 


LOOP 


loop until carry 


MOV 




retrieve pattern from RAM 


OUTL 


PI, A 





toward 5 v. As V th ramps upward, the sense lines are 
monitored for input changes, which will go from 1 to as 
the not-touched voltage curve for each input is inter- 
sected. As the changes occur, the a-d value for each 
sense line can be read and stored. 

Thus the threshold reference voltage for each sense 
line can be determined by establishing the not-touched 
voltage levels and by placing the threshold reference 
voltage below this level. As each row of the keyboard is 



scanned, the RC network is initialized to v and ramps 
upward, varying the V A level. The a-d converter moni- 
tors this level looking for the calculated threshold points. 
As the points are intersected, the corresponding sense 
inputs are read, with a indicating a touched input and 
a 1 indicating a not-touched input. Thus, a multiplexed 
capacitive touch panel can be scanned and balanced 
without adding external components to the inputs. 

For systems requiring more than two analog inputs to 
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TOUCH PANEL 

- COLUMN A 

- COLUMN B 

- COLUMN C 

_ COLUMN D 
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.TOUCHED 



TIME ((id 



(a) 



ANo 



TOUCH-PANEL 
COLUMNS 



SENSE INPUTS 



8022 




3. Balancing. Dissimilar pad capacitances are represented by the curves in (a). With a fixed reference (V m , or V ln2 ). false sensing will occur. 
Individual thresholds can be determined using (b): a rising edge is placed on P0 through software; ANO is then read until switching. 



NINDEG 

LOC7: 



XCH 

INC 

JNZ 

MOV 

MOV 

STRT 

XCH 

RETI 



A, R7 
A 

NINETY 

A. #NINDEG 

T, A 

T 

A, R7 



13x32x10 usee ■ 4.160M msec 

save Acc and get flag byte 

is it zero cross or 90 deg. 
zero cross" 

set up for ninety degrees interrupt 

load R7 with non-FF number 
and restore A" 



IN A. P1 

MOV A. #1 110111 1 B setP14low(TRIACPORTI 

OUTL P1.A 



MOV 

MOV 

STRT 

XCH 

RETI 



A, #OFFH 
T, A 
CNT 
A, R7 



set up for zero cross interrupt 
next time" 



load FF into R7 and resotre Acc 



the 8022, port 0's comparator may be reconfigured to 
permit forming of pseudo-analog inputs from variable- 
threshold digital inputs. The hardware configuration can 
be identical to that of Fig. 3b. In this scheme, sense 
inputs act as additional analog inputs of less accuracy 
than ANO and AN1 (about 6 bits). 

The sequence for implementing the extension is essen- 
tially the same found in the variable-threshold touch 
panel. As V, h ramps upward, a port bit is monitored for 
a change from 1 to 0. At the change, ANO is read, 



corresponding to the value of the analog input into port 
(with some error due to the time lag, which can be 
subtracted). This configuration can be utilized when it is 
possible to trade off accuracy for cost improvements: one 
analog input with 8-bit accuracy and seven analog inputs 
with 6-bit accuracy. Such may be the case in a range 
controller that monitors temperature in two ovens, a 
meat probe, and two of the four burners, all to an 
accuracy within 10°F. 
To establish a reliable time base and to switch ac 
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ORG 


7 


T1 timer interrupt vector 




MOV 


A, #OFFH 


initialize timer 




MOV 


T. A 






MOV 


RO, #TIME0 - 1 


TIMEO = LSB of timer register 




MOV 


R1, #TABLE 


LSB Of ROM look-up 


LOOP: 










INC 


RO 


point to next byte 




MOV 


A, @R0 


retrieve BCD byte 




ADD 


A,#1 


incrament 




DA 


A 


decimal adjust 




MOV 


@R0, A 


restore BCD byte 




MOV 


A, R1 


test for carry 




MOVP 


A, @A 


using table entry 




XRL 


A. @R0 


and" 




INC 


R1 


bump pointer 




JNZ 


DONE 


no carry, wait for next tick 




XCH 


A,@RO 


carry, set digit pair to 00 




ANL 


A, #1 


was overflow hours? 




JZ 


LOOP 


no, increment next byte 




MOV 


@R0, A 


yes, set hours to 1 


DONE: 










RETI 


I 




TABLE: 










DB 


60 H 


sixtieth 




DB 


60 H 


minutes 




DB 


13 H 


hours use 25 for 24 hour operation 



loads, the 8022 has circuitry built into the Ti pin to 
detect an ac signal crossing its average dc level. The 
switching is at predetermined points of the sine wave to 
reduce inrush currents or radio-frequency interference. 

Zero-crossing detection 

There are several methods by which software can 
monitor the input. The simplest method involves the 
jump instructions JT, and JNTi, which correspond to 
jump on T, high, and jump on Ti low, respectively. The 
rising edge of the Ti input is the most accurate: the 
falling edge contains 100 mv of hysteresis to increase 
noise margin. The two jump instructions can be used 
back to back to find this zero-crossing point: 



while waiting for the zero crossing. The timer could be 
reloaded with FF Hex during the interrupt routine to 
generate an interrupt on each zero crossing. 



MOV A, #0FFH 
MOV T,A 
STRT CNT 
EN TCNT1 



;Full count into accumulator 
;Load timer 

;Ti pin is source to timer 
;Enable timer interrupt 



HEREl: JT1 HERE1 
HERE2: JNTI HERE2 



;Wait here if line high 
;Wait here if line low 
; Zero cross 



To reduce loop time, the T, pin may also be coupled to 
the event counter. The start-counting instruction couples 
the rising edge into the 8022's internal 8-bit timer. With 
each rising edge, the timer increments by one, and when 
it increments from FF Hex to 00, an overflow flag is set. 
If the interrupt line is activated, an interrupt vector at 
location 7 will occur. Since the timer may be preloaded 
with any value, it is possible to cause an interrupt to 
occur on the next zero crossing rather than waiting in the 
jump loop. 

The following routine will initialize the timer to 
accomplish this. All other processing may be performed 



Of course, the zero crossing is not always the best 
point to gate a control device. For example, an applica- 
tion involving a highly inductive device such as a magne- 
tron transformer will produce inrush currents that are at 
their maximum at the zero-crossing point. 

Low inrush 

To minimize inrush in such a system, the triac is 
turned on at a 90° phase angle in the 60-Hz sine wave. 
Program 4 provides the software necessary to accomplish 
this task. The timer detects the zero-crossing point and 
times out to the 90° point, where the leading current will 
just be at a minimum. An interrupt occurs at both the 
zero and 90° points to prevent interference with normal 
processing. Both interrupts use the same interrupt vector 
location. Software determines the source of the interrupt 
and acts accordingly. 

Another use of the Ti input is generating the timing 
base for a time-of-day routine. The software implement- 
ing this routine is in program 5. The time parameters 
listed in the accompanying data table could be modified 
to accommodate either 12- or 24-hour operation. □ 
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Figure 1. Pin Configuration 



Figure 2. Logic Symbol 



INTRODUCTION 

Taking advantage of the latest advances in silicon technol- 
ogy, Intel has developed a complete control system on a 
chip, the 8022, the first 8-bit microcomputer with an A/D 
converter on-chip. Whereas in the past microcomputers 
relied on external circuits for analog interfacing, it is now 
possible to build a one chip control system with analog 
interfacing, digital interfacing, and computer processing 
capabilities. Tackling the high volume, low cost controller 
market, the Intel 8022 microcomputer fits cost and space 
sensitive applications such as automobiles, appliances, 
and consumer products previously dominated by elec- 
tromechanical controls. Its use, however, is not confined 
only to these applications. In medium volume applica- 
tions, the 8022 provides the system designer with a simpli- 
fied solution to many control problems. No longer is it 
necessary to expend valuable engineering time designing 
wheel spokes and axles; the whole cart is available. 

This note is intended to answer some design questions 
concerning the 8022 and to suggest to the reader possible 
applications and system configurations. The reader 
should refer to the 8022 Data Sheet for electrical spec- 
ifications and details. It is also suggested that the reader 
consult with the MCS-48 User's Manual (July 1 978 or later) 
for a complete description of the entire MCS-48 family of 
microprocessors of which the 8022 is the newest member. 

The note is divided into two main sections. The first is a 
product description of the 8022, including a detailed 
discussion of the main features, their characteristics and 
how to use them, The second section discusses several 
possible applications, their configurations and design 
considerations. 



Product Overview 

The heart of the 8022 is the Intel 8021 , a general purpose 
single chip microcomputer, which is a lower performance, 
lower cost version of the 8048. Added to this central core 
are interrupts, additional I/O, and linear functions. Like 
the 8021, the 8022 is designed to operate over a power 
supply range of 4.5 to 6.5 volts. 

The 8022 instruction set contains over 70 instructions and 
is a subset of the 8048 instruction set. To conserve memo- 
ry and maximize throughput, most instructions are single- 
byte, single-cycle. No instructions are longer than two- 
byte, two-cycle. The instruction cycle time is 10 
microseconds at a 3MHz clock rate. Extensive conditional 
branch logic is built into the processor to increase the 
overall efficiency of the instruction set for control applica- 
tions. As examples, the DJNZ instruction (decrement 
register and jump if not zero) allows loops to be formed in 
just one instruction and the MOVP A, @A allows single 
instruction table look-up of constants from program stor- 
age. Program storage in the 8022 consists of 2048 eight bit 
bytes of mask programmable ROM. 

Hardware stack and data memory are integrated in the 64 
byte RAM to enhance processing flexibility and memory 
utilization. The first eight RAM locations are designated as 
working registers and are directly addressable by any of 
the 11 direct register instructions. Besides increasing the 
variety of operations that can be performed on data in 
memory, this approach further reduces the number of 
instruction bytes required for processing. In addition to 
being used as working registers, Registers and 1 can be 
used as Pointer registers to indirectly address all locations 
in memory using the indirect register instructions. 
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Figure 3. 8022 Block Diagram 



The next 16 bytes of RAM may be used as the address 
stack to enable the processor to keep track of the return 
addresses generated from instructions and in handling 
interrupts. Since two bytes are needed to store each 
address, the 1 6 bytes of address stack allow up to a total of 
eight levels of subroutine nesting. A 3-bit stack pointer 
supplies the address of the locations to be loaded with the 
next return address generated. This stack pointer is incre- 
mented when a return address is stored and decremented 
when an address is fetched during a subroutine or inter- 
rupt return. If all eight levels of subroutine nesting are 
not required by an application, the unused portion of 
the address stack may be used as standard RAM. 

The 8022 has an extremely flexible and powerful I/O 
structure. The 26 digital I/O lines are configured into three 
8-bit general-purpose ports and two test pins, TO and 11. 
All three ports are quasi-bidirectional, meaning all lines 
are useable as inputs or outputs on a line-by-line basis 
under software control. 



To increase the user's flexibility, any line of Port can also 
be designated an open drain output by removing the 
pullup device present on the line via mask option. This is 
useful in driving analog circuits and interfacing to high 
impedance digital I/O. In addition to the open drain 
option, Port has voltage comparator inputs with a com- 
mon reference pin (Vth). In appliance control and other 
applications, this allows direct glass touchpanel interfac- 
ing with relatively low voltage (10-1 5V) drive, thus limiting 
product liablility problems and easing U.L. approval. The 
Port comparator inputs are also generally useful in many 
other ways from expanding analog inputs to maximizing 
margin on noisy signals. 



To further increase user flexibility and reduce system cost, 
two I/O pins (P10 and P11) have been designated as high 
current drive pins with the ability to sink 7ma each, instead 
of the standard TTL load of 1 .6ma. This can eliminate the 
need for discrete drive transistors in many applications. 
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Figure 4. Adding an I/O Expander to the 8022 



The lower half of Port 2, in addition to serving as a general- 
purpose I/O port, is used as a "bus" for attaching the Intel 
8243 I/O expander units. The Port Expander Strobe is 
used in conjunction with Port 2 to synchronize the 8243 
operations. Figure 4 shows such a configuration. 

Note that the quasi-bidirectional structure and the Port 2 
expansion bus are consistent with all MCS-48 products 
and are fully described in the MCS-48 User's Manual. 

Frequently in control applications, the state of one or two 
signals must be monitored so that a fast response can be 
accomplished. The 8022's two test pins offer this capabili- 
ty. Both test pins, TO and T1, are directly testable via two 
conditional branch instructions. The TO pin can also cause 
an interrupt. The T1 pin, in addition to being directly 
testable, has the ability to detect the zero crossing of 
slowly moving AC inputs. This is useful in controlling 
50/60Hz power. It also enables the 8022 to precisely 
control phase sensitive devices, such as triacs and SCRs. 
Again external circuitry is reduced. 

The 8022 contains its own clock and oscillator circuitry 
and requires only an external timing control element to 
generate all internal timing signals. An inductor, a crystal, 
or an external clock may be used as the timing control 
device. 

The programmable 8-bit timer/event counter enables the 
user to accurately monitor elapsed time by providing a 
hardware replacement for software overhead such as 
timing loops. Total count capacity is 8192 instruction 
cycles or 81.9 msec at a 10 microsecond cycle time. The 
timer may also be used as an event counter where the Test 



1 input serves as a counter input. After a STRT CNT 
command, low to high transitions on the T1 pin will cause 
the timer/counter to be incremented. When the timer 
counter overflows (FFH to 00), the timer flag will be set and 
an interrupt generated if enabled. 

The analog to digital converter is designed to simplify and 
cost reduce interfacing to analog sources. All parts of the 
converter are integrated onto the chip, with the exception 
of the voltage reference. Conversion is completely hard- 
ware controlled using a successive approximation tech- 
nique and occurs in four instruction cycles or 40 micro- 
seconds. Three single byte instructions, SEL ANO (select 
analog input 0), SEL AN1 (select analog input 1 ), and RAD 
(read A/D conversion result) are added to the 8021 instruc- 
tion set to allow the programmer to interface to the 
converter conveniently. 

Product Features 

This next section will delve deeper into some of the 
functions which comprise the 8022 architecture. Chip 
architecture will be discussed along with design consider- 
ations, software routines, and hardware configurations. 
The specific items covered are CPU timing, the Timer/ 
Counter, the TEST and Interrupt inputs, Zero Cross 
detection, the A/D converter, and the Port comparator 
inputs. 

System Clock 

One of the first considerations in the system design is what 
frequency source should be used. The on-board oscillator 
can use a variety of elements to determine system fre- 
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quency. Depending on the accuracy needed, the element 
can be an inductor and capacitor, or a crystal and resistor. 
It necessary, the oscillator inputs can also be driven by an 
external source. 

It should be noted that the values given in this section are 
approximate values based on a sampling of parts. In no 
case are these to be interpreted as guaranteed spec- 
ifications. They are here as an aid in system design. 
Consult the final Data sheet or contact Intel direct if more 
information is needed for a critical design. 

Inductor Mode 

Figure 5 shows the proper configuration for the inductor 
mode. A parallel capacitor of 20 to 50pf is recommended 
for best frequency tolerance. 
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Figure 5. 



Table 1 shows the effects of changes in parameters based 
on a sampling of parts. Part to part input capacitance 
differences (Cstray) will effect the tolerance. A less than 
0.2% part to part tolerance can be expected with a parallel 
capacitance of 50pf. (see fig. #5). An additional 0.5% 
variation comes about when only 20pf is used in the tank 
circuit. This is because the stray capacitance in the 8022 
and the PCB becomes a larger proportion of the total 
capacitance. 



Vcc = 

f = 

Temp = 

/ = 



4.5v 
±0.2% 

-40° C 
±0.6% 



5.5v 



25° C 




6.5v 
= 0.2% 

85° C 
=0.6% 



Crystal Mode 

Figure 6 shows the proper installation of a crystal. A one 
meg-ohm parallel resistor is required for operation with an 
8021 or 8022. Application note AP-35 "CRYSTALS: Spec- 
ifications for Intel Components" should be consulted for 
information on using and specifying crystals. 

A 20pf capacitor is optional, but recommended, on X2. It 
has been found that using the capacitor increases the 
immunity of the microcomputer to line transient noise or 
spurious signals which may find their way into the system. 
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Figure 6. 



Table 1. Inductor Mode 



Which One? 

Which timing source to use is dependent on several 
factors. In most applications cost is of primary impor- 
tance. The lowest cost device, but one which still gets the 
job accomplished, is the logical choice. Selecting the 
device which gets the job accomplished is the next task. 



A Case Study 

To exemplify the design tradeoffs in choosing a timing 
element consider the detection of 50Hz or 60Hz line 
frequency as may be needed in many consumer products 
being sold in the U.S. and overseas. Traditionally two 
products are produced, one for the U.S. market and one 
for the overseas market. A jumper selection to tell the 
processor which frequency^source is being used is the 
only difference. This costs one I/O pin plus the costs of 
insertion and inventorying two products. All of these costs 
can be saved by allowing the processor to compute which 
frequency is coming in on the T1 pin. Figure 7 lists the 
software which could be used during a power-up routine 
to determine whether 50Hz or 60Hz timing should be used. 



To determine the inductance and capacitance required for 
a given frequency, the equation 



f = 



J 



27tVLC" 



can be used. Due to the effects of stray capacitance the 
calculated frequency may be slightly high. It should be 
noted that the tolerances given in Table 1 do not include 
the tolerances of the inductor and capacitor used in the 
system. Mathematical analysis of the above equation will 
show that the frequency will change roughly proportional 
to the tolerances of L and C on a worst case situation. That 
is if both L and C are ±5% parts, the frequency will vary 
approximately ±5%. 



The timer is used to time the interval of one line cycle. If 
everything were perfectly accurate, one count would 
equal 50Hz while another count would equal 60 Hz, but it's 
not. The power company frequency may shift slightly, plus 
the 8022 oscillator may drift as discussed earlier. The 
maximum allowable oscillator change must be calculated 
from the input source. Assuming the power companies 
may drift ±2 cycles, then the processor must be able to 
detect a difference of 58Hz-52Hz = 6Hz or less than 10.3% 
change. This means that the oscillator frequency itself 
cannot change more than 10.3% or ±5.15%. The crystal 
would definitely work but may be overkill. The Inductor/ 
capacitor combination could be the most economical 
solution. 
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The equation 
t 

tf = count 

1_X 30 X 32 

f where LF = line freq, 

f = osc. freq. 

will give the value of the time at the end of one line cycle. 
Plugging in the values for an oscillator of 3MHz±5%and a 
±2 cycle deviation in line freqency, the counter will yield 
counts of: 

47-56 = 60Hz 
57-68 = 50Hz 

Inductor and capacitor components could be picked to 
yield the required tolerance, saving the costs previously 
mentioned. 



Timer/Counter 

An 8-bit interval timer/counter is available to enable the 
user to keep track of time elapsed or number of events 
occured while normal program execution and flow conti- 
nues. The Auto 50/60HZ detection routine previously 
discussed is one of many possible applications of the 
timer/counter. 

The timer/counter consists of a divide by 32 prescaler 
(only used in the timer mode) and an eight bit main timer. 
The STRT T command clears the prescaler and thereafter 
it increments once each 30 input clocks (once each single 
cycle instruction, twice each double cycle instruction). At 
the (111 11) to (00000) transition the timer is incremented. A 
timer overflow from (FFH) to (00H) will set the timer flag 
along with the timer interrupt, if enabled (see below). A 
conditional branch instruction (JTF) is available fortesting 



LOC OBJ 



LINE 



SOURCE STATEMENT 



0000 27 

0001 0414 



0014 



0014 5614 

0016 4616 

0018 62 

0019 55 

001A 561A 



001C 
001E 
001F 
0020 
0022 
0024 
0026 
0028 
002A 



461C 

65 

42 

03D1 

E62C 

03F6 

E62C 

03F4 

F62C 



1 
2 
3 
4 
5 
6 

7 

8 
9 
10 
11 



AUTO 50/60HZ DETECTION ON POWER UP 



PWRUP: 



CLR 
JMP 



A 'CLEAR ACCM 

PWRDET ; JUMP AROUND INTERRUPT ROUTINES 



12 ; 




13 


ORG 


14 ; 




15 ; 


MEAS1 


16 ; 




18 PWRDET: 




19 


JT1 


20 LINLOW: 




21 


JNT1 


22 


MOV 


23 


STRT 


24 LINEHI: 




25 


JT1 


26 RISEDG: 




27 


JNT1 


28 


STOP 


29 


MOV 


30 


ADD 


31 


JNC 


32 


ADD 


33 


JNC 


34 


ADD 


35 


JC 


36 HZ50: 




37 




38 HZ60: 




39 




40 ORANGE: 




41 




42 




43 




44 





INTERRUPT ROUTINES HERE 



20 



PWRDET ;WAIT FOR NEXT RISING EDGE 

LINLOW ;WAIT FOR NEXT RISING EDGE 

T,A ; CLEAR TIMER 

T ; START TIMER 

LINEHI ;WAIT HERE FOR LINE TO GO LOW 



RISEDG 

TCNT 

A,T 

A, #-47 

ORANGE 

A,#~10 

HZ60 

A, #-12 

ORANGE 



;WAIT HERE FOR RISING EDGE 

;STOP TIMER AT END OF ONE LINE CYCLE 

; READ TIMER VALUE 

; SUBTRACT 47 

; ERROR-NOT WITHIN RANGE 

; SUBTRACT 10 

;JUMP TO 60HZ ROUTINE 

; SUBTRACT 12 

; ERROR-NOT WITHIN RANGE 

;SET 50HZ FLAG 

;SET 60HZ FLAG 

;LINE FREQUENCY ABNORMAL TRY AGAIN 



45 



Figure 7. 



All mnemonics copyrighted © Intel Corporation 1976. 



8-7 



this flag, the flag being reset each test. This instruction 
must also be used to initialize the timer overflow flag after 
a RESET, as RESET does not perform this function. Total 
count capacity for the timer is 25 x 28 =81 92 or 81 .9 ms at a 
10 micro second cycle time. Contents of the timer are 
moved to the accumulator by the MOV A,T instruction 
without disturbing the counting process. Conversely, the 
MOV T,A instruction loads the timer with the contents of 
the accumulator. Notice that the 8-bit timer can be read 
from and written to. The prescaler, however, can not. It is a 
separate 5-bit counter which is cleared only by a STRTT 
command. 



The timer may also be used as an event counter. After a 
STRT CNT command the 8022 will respond to low-to-high 
transitions on the Test 1 pin by incrementing the timer. 
Transitions can occur no faster than once each three 
instruction cycles (every 30 microseconds when using a 3 
MHz clock)— there is no minimum frequency. In this mode 
the prescaler is not used. The timer will contain the 
number of positive transitions occuring on T1 since a 
STRT CNT command. 

The timer and event counter functionsare mutually exclu- 
sive. Counting or timing may be started (STRT CNT, STRT 
T) or stopped (STOP TCNT) under program control. 

The T1 pin, besides being an input to the counter, can also 
function as a testable input, detect the zero crossing of an 
AC signal, and interrupt processing. These functions, as 
well as those of the Test pin and the interrupt structure, 
will be discussed in the next section. 

Test And Interrupt Inputs 

In addition to the 24 general purpose I/O lines which 
comprise ports 0, 1 , and 2, the 8022 has two special inputs, 
TO and T1 .which are testable via conditional jump instruc- 
tions. These pins allow inputs to cause program branches 
without the necessity to load an input port into the accu- 
mulator. The instructions JT0, JNT0, JT1 , JNT1 will cause 
program flow to be modified depending on the state of the 
TO or T1 pin. For instance, JT0 will cause a jump to the 
specified address if the TO pin is high (a 1 level). Converse- 
ly, JNT0 will jump if TO is low (a level). If the jump does 
not occur, program flow continues with the next instruc- 
tion. 

The Test pin serves as an external interrupt input as well 
as a testable input. An interrupt sequence is initiated by 
applying a low "0" level input to the TO pin when the 
external interrupt is enabled (EN I). The interrupt is level 
triggered and active low to allow "WIRE ORING" of several 
interrupt sources at the input pin. When an interrupt is 
detected it causes a "call to subroutine" to location 3 in 
program memory as soon as all other cycles of the current 
instruction are complete. At this time, the program coun- 
ter contents are saved in the program counter stack, but 
the remaining status of the processor is not. 



Unlike the 8048, the 8022 does not contain a program 
status word. Thus, when appropriate, the carry and auxili- 



ary carry flags must be saved by the software, as must be 
the accumulator. The routine shown below saves the 
accumulator and the carry flags. 

Instructions Comments 

MOV R6,A ;save accumulator in register 6 

CLR A ;clearaccumulator 

DA A ;convert carry flags into sixes 

MOV R7,A ;save representation of carry flags 

The end of an interrupt service subroutine is marked by 
the execution of a Return from Interrupt instruction 
(RETI). Prior to returning from the interrupt subroutine 
however, the status of the accumulator and the carry flags 
must be restored. The following routine restores the status 
of the accumulator and the carry flags, which were previ- 
ously saved by the above program segment. 



Instructions 

MOV A,R7 
ADD A,#0AAH 

MOV A,R6 
RETI 



Comments 

;restore carry flags status to 
accumulator and set/clear 
;carry flags 
;restore accumulator 
;return from interrupt 



An interrupt or CALL to a subroutine causes the contents 
of the program counter to be stored in one of the eight 
register pairs of the Program Counter Stack. During a 
CALL instruction the program counter, when saved, 
points to the second byte of the CALL instruction (or the 
return address minus one). The stack contents are then 
incremented before being loaded into the program 
counter during a return (RET) from subroutine. During an 
interrupt the program counter, when saved, points directly 
to the return address. Thus, during a return (RETI) from 
interrupt, the stack contents are not incremented but 
loaded directly into the program counter. This difference 
makes it imperative to use only RETI's to return from 
interrupts, and RET's to return from subroutines. 



The interrupt system is single level in that once an inter- 
rupt is detected all further interrupt requests are ignored 
until execution of a RETI re-enables the interrupt input 
logic. This sequence holds true also for an internal inter- 
rupt generated by timer overflow. If an external interrupt 
and an internal timer/counter generated interrupt are 
detected at the same time, the external source will be 
recognized first, if enabled. The timer/counter interrupt 
will be recognized, if enabled, after the return (RETI) from 
the external interrupt. Timer/counter generated internal 
interrupts and TO generated external interrupts have sep- 
arate vector locations. The external interrupt will vector 
to location 3, whereas an internal interrupt will vector to 
location 7. 

If needed, a second external interrupt can be created by 
enabling the timer/counter interrupt (EN TCNTI), loading 
FFH into the counter (one less than terminal count) and 
enabling the event counter mode (STRT CNT). A low-to- 
high transition on the T1 input will then cause an interrupt 
vector to location 7. 
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Zero Cross Detect 

The Test 1 pin, in addition to being a testable input and a 
counter input, also serves one other important function. It 
can be used to detect the zero crossing point of slow 
moving AC signals. Execution of the STRT CNT instruc- 
tion puts theT1 pin in the counter input mode by connect- 
ing T1 to the counter and enabling the counter. Subse- 
quent low-to-high transitions on T1 will cause the counter 
to increment. Note that this operation differs from the rest 
of the MCS-48 devices, which increment the counter on 
high-to-low transitions. This change was made on the 
8022 to take advantage of the accuracy of the rising edge 
detection on the zero cross circuitry. 



When driven directly, this pin responds as a normal digital 
input. To utilize the zero cross detection mode, an AC 
signal of approximately 1-3 VAC p-p magnitude and a 
maximum frequency of 1 kHz is coupled through an exter- 



nal capacitor (1 microfarad) to the T1 pin. The internal 
digital state is sensed as a zero until the rising edge 
crosses the DC average level, when it becomes a one. This 
is accomplished by the self-biasing high gain amplifier 
which is included in theT1 input. This circuit biases the T1 
input exactly at its switching point, such that a small 
change will cause a digital transition to occur. This digital 
transition takes place within 5 degrees of the zero point. 

The digital value of T1 remains a one until the falling edge 
of the AC input drops approximately 100mV below the 
switching point of the rising edge dOOmV below the zero 
point, if the digital transition occured exactly at the zero 
point). The 100 mV offset is created by hysterisis and 
eliminates chattering of the internal signal caused by 
external noise. 

The accuracy of the zero crossing will be a function of the 
capacitor used (see Fig. 10). On critical systems the 
capacitor can be adjusted to improve overall accuracy. 
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WHEN INTERRUPT IN PROGRESS f/f IS SET ALL FURTHER 
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OF EITHER INTERRUPT ENABLE f/f. 

2. WHILE TIMER INTERRUPTS ARE DISABLED TIMER 
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OCCURS. TIMER FLAG WILL BE SET, HOWEVER. 



Figure 8. Interrupt Logic 
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Figure 9. Zero Cross Detection 



The phase angle at the T1 input can be expressed as 



<-)=arctan 



where Xc=_ 1 



Xc 



2 7, fC 

R=150Kn (see fig. 10) 

Solving the equation using the recommended one micro- 
farad capacitor and 60Hz 



Xc=- 



1 



2tt (60) (1 M f) 
=2652.6 

(-)=arctan 2652 6 
150KH 

=-1.010 



shows the voltage at the pin slightly leading the true AC 
voltage. Internally the circuit adds up to another five 
degrees before the processor can detect that a zero 
crossing occured. Software can also add several degrees 
before outputing a signal. To compensate for all of this 
delay, a smaller capacitor could be chosen to give a -5 
degree shift in hardware before the processor. 

The zero cross detection capability allows the user to 
make the 50/60 Hz power signal the basis for his system 
timing. All timing routines, including time-of-day, can be 
implemented using the zero cross detection capability of 
T1 and its conditional Jump instructions. In addition, the 
zero cross detection feature can be used in conjunction 
with the timer interrupt, as discussed earlier, to interrupt 
processing at the zero voltage point. This enables the user 
to control voltage phase sensitive devices such as triacs 
and SCRs, and to use the 8022 in applications such as 
shaft speed and angle measurement. 



T1 



AC GND 



Figure 10. AC Equivalent of Zero Cross Input 



Analog To Digital Converter 

The T1 zero cross function is only one of the linear 
functions incorporated into the 8022 architecture. The 
most noted linear function is that of a complete analog to 
digital converter. 



The analog to digital converter is a complete successive 
approximation converter with two multiplexed input chan- 
nels. Either channel is selected by software with the SEL 
AN0 or SEL AN1 instruction. These instructions also 
restart the conversion sequences. A valid digital value can 
be read with the RAD (read A/D) instruction during the 
fourth instruction cycle following a select instruction. 
Conversions occur continuously, and RAD may be exe- 
cuted at any time with confidence that the sample is no 
more than 40 microseconds old. 

The converter hardware has three parts as shown in Figure 
11, a series string of resistors, a voltage comparator, and 
successive approximation logic. A series string of 256 
matched resistors divides the voltage between AVss and 
Varef (the reference pin) into 256 voltage steps. This 
configuration gives the converter its inherent monoton- 
icity. 

The voltage tap on the series resistor string is selected by 
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the resistor ladder decoder. This decoder is driven by the 
8-bit successive approximation register (SAR). Each bit of 
the SAR is set in succession MSB to LSB and a voltage 
comparison between the selected resistor ladder voltage 
and the analog input voltage is performed after the setting 
of each bit. The result of each comparison determines 
whether the particular bit will remain set or be reset. All 




INTERNAL BUS 



Figure 11. Analog to Digital Converter Block Diagram 



comparisons are performed automatically by the on-chip 
A/D hardware. At the end of eight comparisons the SAR 
contains a valid digital representation of the analog volt- 
age. This result is then latched into the conversion result 
registor (CRR). The RAD instruction can then load the 
conversion result from the CRR to the accumulator. 




Figure 12. Typical Analog Schematic 



system. It could be connected directly to Vcc giving a A/D 
range of GND to Vcc, or a simple resistor divider could be 
used to balance the reference voltage with the analog 
signals as in Figure 12. In calculating the impedance of the 
divider, the ladder impedance must be considered (see 
Figure 13). The total impedance of the ladder ranges from 
approximately 15K to 20K. This includes part to part 
differences and variance as a function of temperature. The 
resistor impedance should be chosen such that the 15K 
ohm parallel resistance is a small percentage of the divider 
impedance. 



To insure maximum accuracy from the A/D converter, 
separate power supply pins (Avcc and Avss) and a sub- 
strate pin (SUBST) have been provided. Unless there is 
excessive noise on the digital power supply, both Vcc and 
Avcc can be tied together and still maintain maximum 
accuracy. Figure 12 shows atypical analog configuration 
for sensing temperature in two thermistors. The substrate 
has both low frequency and high frequency bypass for 
noise immunity. The power supply pins (Vcc, Avcc) are 
bypassed with a .01 microfarad capacitor close to the chip. 
All other analog signals are bypassed with .001 microfarad 
capacitors for added noise rejection. (See also Software 
Noise Rejection) 

As figure 11 shows, Varef is connected to the top of the 
resistive ladder. When the selected analog channel is 
equal to or greater than Varef the conversion result will 
equal 255 decimal (FF hexadecimal). The Varef voltage 
can be generated in a number of ways depending on the 



Input impedance of the converter can also be an important 




i > Rt = 15k-20kn 
i 




Figure 13. Ladder Impedance 
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factor. Figure 14 is an equivalent circuit of an analog input. 
Capacitance C1 is package capacitance which may range 
from 1pf to 3pf. Capacitance C2 is the sample and hold 
capacitance of 1.2pf to 1.4pf. This capacitance is only 
connected into the circuit by the sample and hold switch. 
The switch is closed for 0.3 tcy every four instruction 
cycles. Resistor R1 is package leakage which is approxi- 
mately 2.5-5.0M ohms. 



This method will eliminate small fluctuations in the input 
voltage and reduce the effect of large fluctuations. Often, 
however, noise may be more severe. Excessive noise may 
require averaging of many readings taken over a short 
period of time. 

Vim + ViN2 + ... + ViNt6 = Vo T 
16 



Software Noise Rejection 




Figure 14. Analog Input Equivalent Circuit 



Figure 15 lists the software required to average 16 suc- 
cessive A/D samples, as the above equation suggests. In 
such averaging, it is necessary to select the appropriate 
channel only once. Thereafter, a new conversion result is 
available every four instruction cycles. 

Still another type of filtering is "exponential averaging." 
Similar to the running average method, current readings 
are averaged with the previous average. 



Vin ■ 



Vo ^ dav 9 + Voldavg = Vavg 



Noise can be a problem in any system. Capacitors can be 
used to filter the noise but may not filter all of it. Capacitors 
also add cost to the system but can be eliminated by 
software filtering. One technique is simply to average two 
readings: 



V|N1 + V|N2 = Vout 
2 



or keep a running average by averaging each reading with 
the previous average: 

SEL ANO :Start conversion 

MOV R0,#30 ;Point to storage location 

RAD ;Read current A/D sample 

ADD A,@R0 :Add current sample to previous average 

RRC A :Divide by two 

MOV @R0,A :Store new average 



Where Vavg = current average 
Voldavg = previous average 
Vin = current reading 
K = constant 

This method has the advantage of large signal to noise 
ratios, but has slower dynamic response. In many sys- 
tems, especially those involving temperature measure- 
ment, dynamic response is not a problem. Signal noise will 
be of a much higher frequency than any change in temper- 
ature. The constant, K, can be chosen to yield any desired 
signal to noise ratio. The larger the constant, the higher 
the ratio. The lower the constant, the higher the dynamic 
response. 

To increase the effectiveness in reducing line generated 
noise, any of the above methods should be synchronized 
to the line frequency. As previously discussed, an inter- 
rupt can be generated when the50Hzor60Hz line frequen- 
cy crosses AC zero. The A/D filtering routine should be 
part of the interrupt routine. Reading of the A/D will then 
occur at the same point of each line cycle, thus ignoring 
any line generated fluctuations in the analog inputs. 
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Figure 15. 
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Port Comparator Inputs 

Intel, in its commitment to add analog features to micro- 
computers, did not stop with A/D conversion and zero 
cross detection. Also added to the 8022 were eight com- 
parators for easing the interface to non-digital inputs. 

Port has been modified from the standard quasi- 
bidirectional structure to allow an optional open drain 
configuration with comparator inputs. The low impedance 
pullup device has been eliminated and the high imped- 
ance pullup is optional. Thus, the user can choose via a 
mask programmable selection each line of Port to be 
either quasi-bidirectional with a high impedance or true 
open-drain. The open drain configuration allows the line 
to sink current through the low impedance pulldown 
device or to float in the high output state. More important- 
ly, the open drain configuration makes Port very easy to 
drive when it is used as inputs. The input circuitry for each 
line of Port includes a voltage comparator which ampli- 
fies the voltage difference between the input port line and 
the Port threshold reference pin (Vth). The voltage gain 
of the comparator is sufficient to sense a 100mV input 
differential within the range Vss to Vcc/2. 

If Vth is allowed to float, it will bias itself to the digital 
switch point of the other ports, and Port behaves as a set 
of normal digital inputs. However, by biasing Vth, the 
switch point can be both tightly controlled and adjusted. 



Common uses for this would include unusual logic level 
inputs as from a diode isolated keyboard, analog channel 
expansion, and direct capacitive touchpanel interface. 
The comparator action is automatic and the port is read 
just as any other port. 

A typical use for Port is in the interfacing with capacitive 
touch panels on microwave ovens and other new appli- 
ances. A touch-panel switch consists of two capacitors in 
series. One lead is attached to a high voltage buffer (10 to 
30 voltsi. The other is attached to the Port sense input. As 
a finger touches the common point, the drive signal is 
shunted by body capacitance, attenuating the signal 
reaching the input. 

Low-voltage touch-panel operation (less than 30V) is 
possible, since the comparators allow small voltage 
changes to be detected. Most of the present touch-panel 
designs require a 50-100V drive on the touch panel. 

Capacitive touch panels can be multiplexed in the same 
manner as mechanical keyboards (Fig. 16). The vacuum 
flourescent display and the touch panel drivers are inte- 
grated to optimize hardware through shared high voltage 
buffers. 

Figure 17 lists the software necessary to refresh the 
display and scan the touch-panel matrix. This routine 
could be adapted to serve as part of a timer/interrupt 
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Figure 16. Typical Keyboard/Display Schematic 
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Figure 17. 



scheme that would generate an interrupt at precise inter- 
vals for a flicker-free display. Another portion of the soft- 
ware would check for any touched input pads, test for valid 
entry, and enter key-depression codes into the main pro- 
gram. 

Correcting Pad Imbalance 

A common problem with capacitive touch panels is their 
imbalance. Layout, process, aging, and surface impurities 
all cause the capacitance to vary from touch pad to touch 
pad, resulting in a family of curves (Fig. 18) of voltage 
levels from each column of touch pads reaching the sense 
inputs. As the curves show, if threshold voltage Vth1 alone 
were used, one column would always appear touched; if 
Vth2 were used exclusively three of the columns would 
never appear touched. 

To compensate for such varying capacitance levels, the 
on-chip analog input circuit may be used to allow multiple 
input voltage levels. Figure 19 depicts the 8022 version of 
such a circuit. ANO and Vth, are tied together with a 
capacitor to line of Port 0. The pull-up resistor and 
capacitor are used on line to provide an RC timing 
network connected to ANO, VTH, and POO. The remaining 
seven lines of Port are the sense lines for the touch panel 
and use the open drain output option. 



VOLTAGE 



V, h i 




-COLUMN A 
-COLUMN B 
-COLUMN C 

-COLUMN D 



NOT TOUCHED 

TOUCHED 



Handling the different voltage levels would begin with 
initializing the data by plotting the family of curves with the 
ANO input. This is done by writing a to POO (grounding 
POO) which initializes Vth to Ov. A logic 1 is then written to 
POO, which begins to pull the RC network toward 5 v. As 
Vth ramps upward, the sense lines are monitored for input 
changes, which will go from 1 to as the not-touched 
voltage curve for each input is intersected. As the changes 
occur, the A/D value for each input is intersected. As the 
changes occur, the A/D value for each sense line can be 
read and stored. Thus the threshold reference voltage for 
each sense line can be determined by establishing the not 
touched voltage levels and by placing the threshold refer- 
ence voltage below this level. As each row of the keyboard 
is scanned, the RC network is initialized to v and ramps 
upward, varying the Vth level. The A/D converter monitors 
this level looking for the calculated threshold points. As 
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Figure 18. 



Figure 19. 
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the points are intersected, the corresponding sense inputs 
are read, with a indicating a touched input and a 1 
indicating a not-touched input. Thus, a multiplexed ca- 
pacitive touch panel can be scanned and balanced without 
adding external components to the inputs. 

For systems requiring more than two analog inputs to the 
8022, Port comparator inputs may be reconfigured to 
permit formation of pseudo-analog inputs from variable 
threshold digital inputs. The hardware configuration can 
be identical to that of Fig. 1 9. In this scheme, sense inputs 
act as additional analog inputs of less accuracy than ANO 
and AN1 (about 6 bits). 

The sequence for implementing the extension is essential- 
ly the same found in the variable-threshold touch panel. 
As Vth ramps upward, a Port bit is monitored for a 
change from 1 to 0. At the change, ANO is read corre- 
sponding to the value of the analog input into Port (with 
some error due to the time lag, which can be subtracted). 
This configuration can be utilized when it is possible to 
trade off accuracy for such cost improvements: one anal- 
og input with 8-bit accuracy and seven analog inputs with 
6-bit accuracy. Such may be the case in a range controller 
that monitors temperature in two ovens, a meat probe, and 
two of the four burners, all to an accuracy within 10°F. 

Application Ideas 

This section will discuss some possible applications of the 
8022. These applications are discussed in general terms 
and are believed to be feasible applications of the 8022. 
None of these applications, however, have been built and 
checked out. 

Power Supply Controller 

The three terminal voltage regulator, with its built-in 
current limiting and overload protection, has vastly simpli- 
fied the task of designing small power supplies. Power 
supplies for large systems, with requirements for brown 
out protection, power fail warnings, etc., have not yet 
yielded to the design simplicity of the integrated voltage 
regulator. The combination of an 8022 microcomputer 
and these same regulators, however, may make it feasible 
to simplify these larger power supply systems. 

There are several requirements of larger power supplies 
which have to be met outside of the regulation itself. 
Typical of these are: 

1. Sequencing the turn on and shut down of several 
supplies. 

2. Providing an early warning to the system that 
power is failing. 

3. The ability to hold the system in a reset state during 
power supply sequencing. 

4. Generation of a line frequency clock to the sys- 
tem. 

5. Provisions for remote start up and shut down. 

6. Sufficient energy storage to keep the system run- 
ning long enough to provide an orderly shut down. 

7. High efficiencies to minimize power requirements 
and heat dissipation. 



These requirements can be met by a combination of raw 
DC supply, multiple three-terminal regulators, and an 
8022 microcomputer. Figure 20 shows a raw supply which 
is capable of generating DC voltages suitable for regula- 
tion to five, plus twelve, and minus twelve voltages. (These 
are arbitrary, but common voltages). In addition, a sepa- 
rate winding is provided which generates a five-volt supply 
which will be used to supply power to the 8022 itself. The 
normal rectifiers in the RAW5 and RAW12 supplies are 
replaced by silicon controlled rectifiers which will be 
phase angle controlled by the 8022. 

Figure 21 shows the connections to the 8022. The RAW5 
and RAW1 2 supplies are applied to simple voltage dividers 
which feed the analog inputs of the 8022. The signal 





Figure 20. 



LINEFREQ is taken from a convenient winding of a trans- 
former, divided down, and applied to the zero cross input 
of the 8022. A strap is provided to configure the unit for 
50/60 Hz operation. In addition to being connected to the 
basic power supply, the 8022 is also connected to the 
system receiving the power. The on/off switch becomes 
an input to the 8022. The 8022 provides outputs foralOHz 
interrupt, a power fail interrupt, cold/warm indicator and 
system reset. 

The 8022 can perform many of the functions normally 
done by hardware sequencers in the power supply. On 
power-up, it can hold off the three main supplies until the 
main supply is firmly established. This prevents the sys- 
tem from responding to short power restorations which 
frequently occur during power outages. Having deter- 
mined that it is safe to power up the system, the 8022 can 
assert the reset signal and the cold start signal. The cold 
start indication tells the system that power was interrupted 
at the mains rather than by the OFF switch — a useful 
function if any amount of battery backed up RAM exists in 
the system. Having set up these signals, the 8022 waits for 
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a zero crossing (to minimize inrush) and then turns on the 
SCRs for the three supplies one at a time (again to mini- 
mize inrush). Any sequencing of the three supplies that is 
required by the system can also be allowed for. After some 
programmable time delay, the reset signal can be released 
and the system allowed to start operation. 

During normal operation the 8022 can monitor the two 
major raw supplies and use phase angle control of the 
SCRs to regulate them. The regulation would be used to 
ensure that the three terminal regulators had minimum 
input voltage requirements met under all line voltage 
variations while at the same time minimizing the voltage 
drop across them. This increases the efficiency of the 
power supply and allows it to be capable of handling 
brown outs without dissipating excessive power in the 
regulators. 

The line frequency input is used not only for the basis for 
the phase angle control, but also for two other functions; 
power fail detect and generation of the 10 Hz interrupt. 
The 10Hz interrupt can be generated by simply dividing 
the power line frequency by 5 for 50 Hz and 6 for 60 Hz 
operation. Performing this division in the power supply 
itself allows the system to be run on 50 or 60 cycle power 
with no change external to the power supply. In some 
situations it should even be possible to have the power 
supply adapt to either of these inputs by measuring the 
period of the incoming power on startup (see section 
"Which One?"). This would be an easy function to incor- 
porate in the software and would require no additional 
hardware since provision is already made for zero cross 
detect. 



Power fail detection can be done by running the timer 
while waiting for the line to zero cross. If an excessive time 
elapses it can be assumed that the power has failed and 
the power fail interrupt asserted. Note that this will detect 
total power failure but not a dip in the line voltage below 
the specifications of the power supply. This condition can 
be detected by keeping track of the phase angle that is 
required to maintain the RAW supplies at the proper level. 
If the SCR's have to be turned on for too high a portion of 
the total line cycle it is an indication of a brown-out 
condition and the powerfail interrupt should be generated. 
Whenever the powerfail interrupt is generated the 8022 
should turn on the SCRs continuously to ensure maximum 
possible energy storage in the filter capacitors. After 
generation of the powerfail interrupt, the 8022 can again 
delay (depending, of course, on the energy storage of the 
power supply) and then assert reset. Once reset is asserted 
the SCRs are turned off, and left off, until the supplies have 
dropped down to a point which guarantees that any reset 
circuitry residing outside of the power supply will see a full 
power transition when power is reapplied. If the power is 
shut down by the 8022 in response to the on/off switch, the 
sequence would be similar except that the cold/warm start 
signal would indicate a warm start. 

The above discussion should make it clear that the 8022 
would make the task of designing a power supply system 
far easier, particularly for those designers more familiar 
with digital than analog design. If, in addition, the 8022 
supply were put on a battery back-up, it would be possible 
to add many features to the system at virtually zero cost. 
The 8022 could be programmed to become the system 
clock and send, perhaps in serial ASCII, the time of day 
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and the date to the main system on demand or periodical- 
ly. This function would require that a crystal be used as a 
timing reference to the 8022 so that the power supply 
could still track real time even if the incoming power fails. 
Other possibilities would have the system shut down 
unless some external event required its attention, or the 
incorporation of system diagnostic checks within the code 
of the 8022. The comparator inputs on PORT of the 8022 
would even allow some capability of parametric testing as 
part of these diagnostics. The possibilities bring a new 
dimension to the term "Programmable Power Supply". 



DC Motor Control 

Figure 22 shows the 8022 used to control the speed of a 
permanent magnet DC motor. A seven segment display 
and keyboard are provided which allow the user to enter 
the parameters required by the control algorithm. The 
display is also used to display the speed of the motor 



during operation. Other data (for example root mean 
squared error) could also be displayed upon demand. The 
motor is driven by a constant frequency pulse width 
modulated signal which is generated programatically. 
Port 11 (which is one of the two high current outputs) is 
used to drive a photoisolator which provides level shifting 
as well as isolation. The circuit shown allows both the 
speed and torque of the motor to be measured for use by 
the control algorithm. The torque generated by a PM DC 
motor is proportional to the armature current. This cur- 
ent, and hence the torque, can be measured by reading the 
voltage drop across the shunt resistor. The voltage gener- 
ated across the motor is the sum of the IR drop in the 
armature and a term which is proportional to the angular 
speed of the motor. The armature current is already known 
from the torque measurement, so the speed can easily be 
determined from the two analog measurements shown. 
The DC resistance of the armature, the speed constant, 
and torque constant would, of course, have to be known or 
entered by the operator. 
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Figure 22. DC Motor Control 
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distributor points allows the engine RPM and point dwell 
to be measured. Outputs are provided to control the 
ignition and starter (allowing the ignition switch to be 
eliminated in favor of a combination lock). Drive to a 



^p^u^ i ui.io), i q^MunicLcr, un yiessufe yuage, or water 
temperature guage depending on the current desire of the 
driver. There are several uncommitted I/O pins which 
could be used to implement functions such as intermittent 
action windshield wipers or delayed action light circuits. 
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Figure 23. Automotive Dashboard 
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Darkroom Timer 



A darkroom timer based on the 8022 is shown in Figure 24. 
In addition to the keyboard and display this diagram 
incorporates drive to two TRIACs, an input to monitor the 
line frequency crossings, and two analog measurements. 
The analog inputs are used to monitor and display the 
temperature of the chemical bath and the light output of 



the enlarger, both of which can be controlled by the 
microcomputer. The 8022 could be used to run several 
timers concurrently while also maintaining the tempera- 
ture of the chemical bath at the required level. Several 
uncommited I/O pins are available for additional func- 
tions. 
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Figure 24. Darkroom Timer/Control 



Conclusions 

This application note has introduced the reader to the Intel 
8022 microcomputer. It has described the main features of 
the 8022 and discussed some of the design considerations 



encountered in designing with the 8022. 

The reader has also been exposed to several possible 
applications which show the versatility and cost effective- 
ness of a microcomputer with on-board analog features. 
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INTRODUCTION 

Since the introduction in 1974 of the second generation 
of microprocessors, such as the 8080, a wide range of 
peripheral interface devices have appeared. At first, 
these devices solved application problems of a general 
nature; i.e., parallel interface (8255), serial interface 
(8251), timing (8253), interrupt control (8259). However, 
as the speed and density of LSI technology increased, 
more and more intelligence was incorporated into the 
peripheral devices. This allowed more specific applica- 
tion problems to be solved, such as floppy disk control 
(8271), CRT control (8275), and data link control (8273). 
The advantage to the system designer of this increased 
peripheral device intelligence is that many of the periph- 
eral control tasks are now handled externally to the 
main processor in the peripheral hardware rather than 
internally in the main processor software. This reduced 
main processor overhead results in increased system 
throughput and reduced software complexity. 

In spite of the number of peripheral devices available, 
the pervasiveness of the microprocessor has been such 
that there is still a large number of peripheral control 
applications not yet satisfied by dedicated LSI. Compli- 
cating this problem is the fact that new applications are 
emerging faster than the manufacturers can react in 
developing new, dedicated peripheral controllers. To 
address this problem, a new microcomputer-based Uni- 



versal Peripheral Interface (UPI-41A) device was 
developed. 

In essence, the UPI-41 A acts as a slave processor to the 
main system CPU. The UPI contains its own processor, 
memory, and I/O, and is completely user programmable; 
that is, the entire peripheral control algorithm can be 
programmed locally in the UPI, instead of taxing the 
master processor's main memory. This distributed proc- 
essing concept allows the UPI to handle the real-time 
tasks such as encoding keyboards, controlling printers, 
or multiplexing displays, while the main processor is 
handling non-real-time dependent tasks such as buffer 
management or arithmetic. The UPI relies on the master 
only for initialization, elementary commands, and data 
transfers. This technique results in an overall increase 
in system efficiency since both processors — the mas- 
ter CPU and the slave UPI — are working in parallel. 

This application note presents three UPI-41A applica- 
tions which are roughly divided into two groups: applica- 
tions whose complexity and UPI code space require- 
ments allow them to either stand alone or be incorpo- 
rated as just one task in a "multi-tasking" UPI, and appli- 
cations which are complete UPI applications in them- 
selves. Applications in the first group are a simple LED 
display and sensor matrix controllers. A combination 
serial/parallel I/O device is an application in the second 
group. Each application illustrates different UPI config- 



UPI-41 vs. UPI-41A 



The UPI-41 A is an enhanced version of the UPI-41. It incorporates several architectural features not found on the 
"non-A" device: 

• Separate Data In and Data Out data bus buffer registers 

• User-definable STATUS register bits 

• Programmable master interrupts for the OBF and IBF flags 

• Programmable DMA interface to external DMA controller. 

The separate Data In (DBBIN) and Data Out (DBBOUT) registers greatly simplify the master/UPI protocol com- 
pared to the UPI-41. The master need only check IBF before writing to DBBIN and OBF before reading DBBOUT. 
No data bus buffer lock-out is required. 

The most significant nibble of the STATUS register, undefined in the UPI-41, is user-definable in UPI-41A. It may 
be loaded directly from the most significant nibble of the Accumulator (MOV STS, A). These extra four STATUS 
bits are useful for transferring additional status information to the master. This application note uses this 
feature extensively. 

A new instruction, EN FLAGS, allows OBF and M3F to be reflected on Port 2 bit 4 and Port 2 bit 5 respectively. 
This feature enables interrupt-driven data transfers when these pins are interrupt sources to the master. 

By exe cuting an EN DMA instruction Port 2 bit 6 becomes a DRQ (DMA Request) output and Port 2 bit 7 becomes 
DACK (DMA Acknowledge). Setting DRQ requests a DMA cycle to an external DMA controller. When the cycle is 
granted, the DMA controller returns DACK plus either RD (Read) or WR (Write). DACK automatically forces CS 
and AO low internally and clears DRQ. This selects the appropriate data buffer register (DBBOUT for DACK and 
RD, DBBIN for DACK and WR) for the DMA transfer. 

Like the "non-A", the UPI-41A is available in both ROM (8041A) and EPROM (8741A) Program Memory versions. 
This application note deals exclusively with the UPI-41A since the applications use the "A"s enhanced features. 
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urations and features. However, before the application 
details are presented, a section on the UPl/master proto- 
col requirements is included. These protocol require- 
ments are key to UPI software development. It is sug- 
gested that the reader not already familiar with the 



architecture and instruction set of the UPI-41A read the 
"Intel UPI-41 User's Manual" before proceeding with 
this document. For convenience, the UPI block diagram 
and instruction set summary are reproduced in Figures 
1 and 2. 



LOCATION 7 - TIMER 
- INTERRUPT VECTORS 
PROGRAM HERE 



LOCATION 3 - IBF 
— INTERRUPT VECTORS 
PROGRAM HERE 



BANK 1 
WORKING 
REGISTERS 



B LEVEL STACK 



BANK 
WORKING 
REGISTERS 



DIRECTLY 
ADDRESSABLE 
WHEN BANK t 
IS SELECTED 



INDIRECTLY 
THROUGH 
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DIRECTLY 
ADDRESSABLE 
WHEN BANK 
IS SELECTED 



Figure 1A. Program Memory Map 



Figure 1B. Data Memory Map 
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Figure 1C. UPI-41A Block Diagram 
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UPI INSTRUCTION SET 
Mnemonic Description 



Bytes Cyclss 



ACCUMULATOR 

ADD A.Rr 
ADD A.@Rr 
ADD A.ndata 
ADDC A.flr 
ADDC A,@Rr 
ADDC A.ndata 
ANL A.Rr 
ANL A.@Rr 
ANL A.ndata 
ORL A.Rr 
ORL A.@Rr 
ORL A ndata 
XRL A Rr 
XRL A @Rr 
XRL A, ndata 
INC A 
DEC A 
CLR A 
CPL A 
DA A 
SWAP A 
RL A 
RLC A 
RR A 
RRC A 

INPUT/OUTPUT 

IN A.Pp Input port to A 

OUTL Pp.A Output A to port 

ANL Pp ndata AND immediate to port 



Add register to A 
Add data memory to A 
Add immediate to A 
Add immed to A with carry 
Add immed to A with carry 
Add immed to A with carry 
AND register to A 
AND data memory to A 
AND immediate to A 
OR register to A 
OR data memory to A 
OR immediate to A 
Exclusive OR register to A 
Exclusive OR data memory to A 
Exclusive OR immediate to A 
Increment A 
Decrement A 
Clear A 
Complement A 
Decimal Adjust A 
Swap digits of A 
Rotate A left 

Rotate A left through carry 
Rotate A right 

Rotate A right through carry 



ORL Pp ndata 
IN A DBB 
OUT DBB. A 
MOVD A.Pp 
MOVD Pp.A 
ANLD Pp A 
ORLD Pp A 
DATA MOVES 

MOV A Rr 
MOV A,@Rr 
MOV A.ndata 
MOV Rr A 
MOV @Rr A 
MOV Rr. ndata 
MOV @Rr, ndata 
MOV A PSW 
MOV PSWA 
XCH A.Rr 
XCH A,@Rr 
XCHD A @Rr 
MOVP A @A 
MOVP3. A.@A 



OR immediate to port 
Input DBB to A clear IBF 
Output A to DBB set OBF 
Input Expander port to A 
Output A to Expander port 
AND A to Expander port 
OR A to Expander port 

Move register to A 
Move data memory to A 
Move immediate to A 
Move A to register 
Move A to data memory 
Move immediate to register 
Move immediate to data memory 
Move PSW to A 
Move A to PSW 
Exchange A and register 
Exchange A and data memory 
Exchange digit ot A and register 
Move to A trom current page 
Move to A trom page 3 



TIMER/COUNTER 

MOV A T Read Timer/Counter 

MOV T A Load Timer/Counter 

STRT T Start Timer 

STRT CNT Start Counter 

STOPTCNT Stop Timer/Counter 

EN TCNTI Enable Timer/Counter Interrupt 

DIS TCNTI Disable Timer/Counter Interrupt 



Mnemonic 


Description 


Bytes 


Cycles 


Mnemonic 


Description 


Bytes 


Cycl 


CONTROL 








CLR Ft 


Clear F1 Flag 


1 


1 


EN DMA 


Enable DMA Handshake Lines 


1 


1 


CPL F1 


Complement Ft Flag 


1 


1 


EN 1 


Enable IBF Interrupt 


1 


1 


MOV STS, A 


A4-A7 to Bits 4-7 of Status 


1 , 


1 


□IS 1 


Disable IBF Interrupt 


1 


1 










EN FLAGS 


Enable Master Interrupts 


1 


1 










SEL RBO 


Select register bank 


1 


1 


BRANCH 








SEL RB1 


Select register bank 1 


1 


1 


JMP addr 


Jump unconditional 


2 


2 


NOP 


No Operation 


1 


1 


JMPP ®A 


Jump indirect 


1 


2 


REGISTERS 








DJNZ R.addr 


Decrement register and skip 
Jump on Carry = 1 


2 


2 


INC Rr 


Increment register 


1 


1 


JC addr 


2 


2 


INC @Rr 


Increment data memory 


1 


1 


JNC addr 


Jump on Carry = 


2 


2 


DEC Rr 


Decrement register 


1 


1 


JZ addr 


Jump on A Zero 


2 


2 








JNZaddr 


Jump on A not Zero 


2 


2 


SUBROUTINE 








JTO addr 


Jump on TO= 1 


2 


2 


CALL addr 


Jump to subroutine 


2 


2 


JNTO addr 


Jump on TO= 


2 


2 


RET 


Return 


1 


2 


JT1 addr 


Jump on T1 = 1 


2 


2 


RETR 


Return and restore status 


1 


2 


JNT1 addr 


Jump on T1 = 


2 


2 


FLAGS 








JFO addr 


Jump on FO Flag= 1 


2 


2 








JF1 addr 


Jump on Fl Flag= 1 


2 


2 


CLRC 


Clear Carry 


1 


1 


JTF addr 


Jump on Timer Flag = I.Clear Flag 


2 


2 


CPLC 


Complement Carry 


1 


1 


JNIBF addr 


Jump on tBF Flag = 


2 


2 


CLR FO 


Clear Flag 


1 


1 


JOBF addr 


Jump on OBF Flag= 1 


2 


2 


CPL FO 


Complement Flag 


1 


1 


JBb addr 


Jump on Accumulator Bit 


2 


2 



Figure 2. UPI-41A Instruction Set Summery 



UPI/MASTER PROTOCOL 

As in most closely coupled multiprocessor systems, the 
various processors communicate via a shared resource. 
This shared resource is typically specific locations in 
RAM or in registers through which status and data are 
passed. In the case of a master processor and a UPl- 
41A, the shared resource is 3 separate, master- 
addressable, registers internal to the UPI. These 
registers are the STATUS register (STATUS), the Data 
Bus Buffer Input register (DBBIN), and the Data Bus Out- 
put register (DBBOUT). [Data Bus Buffer direction is 
relative to the UPI]. To illustrate this register interface, 
consider the 8085A/UPI system in Figure 3. 



A- 



rV 



AO 


j STATUS 




| DBBIN | UPI-41A 


CS 




RD 


WH 


| DBBOUT | 







Figure 3. Register Interface 
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Looking into the UPI from the 8085A, the 8085A sees 
only the three registers mentioned above. If the 8085A 
wishes to issue a command to the UPI, it does so by 
writing the command to the DBBIN register according to 
the decoding of Figure 4. Data for the UPI is also passed 
via the DBBIN register. (The UPI differentiates com- 
mands and data by examining the AO pin. Just how this 
is done is covered shortly.) Data from the UPI for the 
8085A is passed in the DBBOUT register. The 8085A may 
interrogate the UPl's status by reading the UPl's 
STATUS register. Four bits of the STATUS register act 
as flags and are used to handshake data and commands 
into and out of the UPI. The STATUS register format is 
shown in Figure 5. 

Bit is OBF (Output Buffer Full). This flag indicates to 
the master when the UPI has placed data in the DBBOUT 
register. OBF is set when the UPI writes to DBBOUT and 
is reset when the master reads DBBOUT. The master 
finds meaningful data in the DBBOUT register only 
when OBF is set. 

The Input Buffer Full (IBF) flag is bit 1. The UPI uses this 
flag as an indicator that the master has written to the 
DBBIN register. The master uses IBF to indicate when 
the UPI has accepted a particular command or data byte. 
The master should examine IBF before outputting 
anything to the UPI. IBF is set when the master writes to 
DBBIN and is reset when the UPI reads DBBIN. The 
master must wait until IBF = before writing new data 
or commands to DBBIN. Conversely, the UPI must en- 
sure IBF = 1 before reading DBBIN. 

The third STATUS register bit is FO (Flag 0). This is gen- 
eral purpose flag that the UPI can set, reset, and test. It 
is typically used to indicate a UPI error or busy condition 
to the master. 

Flag 1 (F1) is the final dedicated STATUS bit. Like FO the 
UPI can set, reset, and test this flag. However, in addi- 
tion, F1 reflects the state of the AO pin whenever the 
master writes to the DBBIN register. The UPI uses this 
flag to delineate between master command and data 
writes to DBBIN. 



cs 


AO 


HD 


WR 


REGISTER 











1 


READ DBBOUT 





1 





1 


READ STATUS 








1 





WRITE DBBIN (DATA) 





1 


1 





WRITE DBBIN (COMMAND) 


1 


X 


X 


X 


NO ACTION 



Figure 4. Register Decoding 



STATUS REGISTER 



|7 I 6 | 5 | 4 | 3 | 2 | 1 | 0| 
I I I I L — OBF — DBBOUT FULL 

I IBF - DBBIN FULL 

1 FO - FLAG 

1 F1 - FLAG 1 

1 USER DEFINED 



Figure 5. Status Register Format 



The remaining four STATUS register bits are user defin- 
able. Typical uses of these bits are as status indicators 
for individual tasks in a multitasking UPI or as UPI gen- 
erated interrupt status. These bits find a wide variety of 
uses in the upcoming applications. 

Looking into the 8085A from the UPI, the UPI sees the 
two DBB registers plus the IBF, OBF, and F1 flags. The 
UPI can write from its accumulator to DBBOUT or read 
DBBIN into the accumulator. The UPI cannot read OBF, 
IBF, or F1 directly, but these flags may be tested using 
conditional jump instructions. The UPI should make 
sure that OBF is reset before writing new data into 
DBBOUT to ensure that the master has read previous 
DBBOUT data. IBF should also be tested before reading 
DBBIN since DBBIN data is valid only when IBF is set. 
As was mentioned earlier, the UPI uses F1 to differenti- 
ate between command and data contents in DBBIN 
when IBF is set. The UPI may also write the upper 4-bits 
of its accumulator to the upper 4-bits of the STATUS reg- 
ister. These bits are thus user definable. 

The UPI can test the flags at any time during its internal 
program execution. It essentially "polls" the STATUS 
register for changes. If faster response is needed to 
master commands and data, the UPl's internal interrupt 
structure can be used. If IBF interrupts are enabled, a 
master write to DBBIN (either command or data) sets 
IBF which generates an internal CALL to location 03H in 
program memory. At this point, working register con- 
tents can be saved using bank switching, the accumu- 
lator saved in a spare working register, and the DBBIN 
register read and serviced. The interrupt logic for the 
IBF interrupt is shown in Figure 6. A few observations 
concerning this logic are appropriate. Note that if the 
master writes to DBBIN while the UPI is still servicing 
the last IBF interrupt (a Return (RETR) instruction has 
not been executed), the IBF Interrupt Pending line is 
made high which causes a new CALL to 03H as soon as 
the first RETR is executed. No EN I (Enable Interrupt) in- 
struction is needed to rearm the interrupt logic as is 
needed in an 8080 or 8085A system; the RETR performs 
this function. Also note that executing a DIS I to disable 
further IBF interrupts does not clear a pending interrupt. 
Only a CALL to location 03H or RESET clears a pending 
IBF interrupt. 

Keeping in mind that the actual master/UPI protocol is 
dependent on the application, probably the best way to 
illustrate correct protocol is by example. Let's consider 
using the UPI as a simple parallel I/O device. (This is a 
trivial application but it embodies all of the important 
protocol considerations.) Since the UPI may be either 
interrupt or non-interrupt driven internally, both cases 
are considered. 

Let's take the easiest configuration first; using the UPI 
Port 1 as an 8-bit output port. From the UPl's point-of- 
view, this is an input-only application since all that is 
required is that the UPI input data from the master. 
Once the master writes data to the UPI, the UPI reads 
the DBBIN register and transfers the data to Port 1. No 
testing for commands vs data is needed since the UPI 
"knows" it only performs one task — no commands are 
needed. 



9-6 



TIMER/COUNTER 
OVERFLOW 




FORCE 
Q|— - INTERRUPT 
CALL 



RESET 
DIS I 
EXECUTED 



IBF INTERRUPT 
ENABLE 



Figure 6. UPI-41A Interrupt Structure 



Non-interrupt driven UPI software is shown in Figure 7A 
while Figure 7B shows interrupt based software. For 
Figure 7A, the UPI simply waits until it sees IBF go high 
indicating the master has written a data byte to DBBIN. 
The UPI then reads DBBIN, transfers it to Port 1, and 
returns to waiting for the next data. For the interrupt- 
driven UPI, Figure 7B, once the EN I instruction is exe- 
cuted, the UPI simply waits for the IBF interrupt before 
handling the data. The UPI could handle other tasks dur- 
ing this waiting time. When the master writes the data to 
DBBIN, an IBF interrupt is generated which performs a 
CALL to location 03H. At this point the UPI reads DBBIN 
(no testing of IBF is needed since an IBF interrupt 
implies that IBF is set), transfers the data to Port 1, and 
executes an RETR which returns program flow to the 
main program. 

Software for the master 8085A is included in Figure 7C. 
The only requirement for the master to output data to 
the UPI is that it check the UPI to be sure the previous 
data had been taken before writing new data. To accom- 
plish this the master simply reads the STATUS register 
looking for IBF = before writing the next data. 



UPI INPUT ONLY EXAMPLE ■ PORT 1 USED AS OUTPUT PORT 
DATA INPUT IS INTERRUPT DRIVEN ON IBF 



EN 



I 



JMP RESET + 

IN A. DBS 

OUTL P1,A 
RETR 



ENABLE IBF INTERRUPTS 
LOOP WAITING FOR INPUT 
READ DATA FROM DBBIN 
TRANSFER DATA TO PORT 1 
RETURN WITH RESTORE 



Figue 7B. Single Output Port Example — Interrupt 



8085 SOFTWARE FOR UPI INPUT-ONLY EXAMPLE 
DATA FOR OUTPUT IS PASSED IN REG. C 



IN 


STATUS 


READ UPI STATUS 


ANI 


IBF 


LOOK AT IBF 


JNZ 


UPIOUT 


WAIT FOR 1BF = 


MOV 


A. C 


GET DATA FROM C 


OUT 


DBBIN 


OUTPUT DATA TO DBBIN 


RET 




DONE. RETURN 



Figure 7C 8085A Code lor Single Output Port Example 



UPI INPUT ONLY EXAMPLE PORT 1 USED AS OUTPUT PORT 
UPI POLLS IBF FOR DATA 

ESET: JNIBF RESET ; WAIT ON IBF FOR INPUT 

IN A, DBB ; INPUT THERE, SO READ IT 

OUTL P1, A ; TRANSFER DATA TO PORT 1 

JMP RESET J GO WAIT FOR NEXT DATA 



Figure 7A. Single Output Port Example — Polling 



Figure 8A illustrates the case where UPI Port 2 is used 
as an 8-bit input port. This configuration is termed UPI 
output-only as the master does not write (input) to the 
UPI but simply reads either the STATUS or the DBBOUT 
registers. In this example only the OBF flag is used. 
OBF signals the master that the UPI has placed new 
port data in DBBOUT. The UPI loops testing OBF. When 
OBF is clear, the master has read the previous data and 
UPI then reads its input port (Port 2) and places this data 
in DBBOUT. It then waits on OBF until the master reads 
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DBBOUT before reading the input port again. When the 
master wishes to read the input port data, Figure 8B, it 
simply checks for OBF being set in the STATUS register 
before reading DBBOUT. While this technique il- 
lustrates proper protocol, it should be noted that it is 
not meant to be a good method of using the UPI as an in- 
put port since the master would never get the newest 
status of the port. 

The above examples can easily be combined. Figure 9 
shows UPI software to use Port 1 as an output port 
simultaneously with Port 2 as an input port. The pro- 
gram starts with the UPI checking IBF to see if the 
master has written data destined for the output port into 
DBBIN. If IBF is set, the UPI reads DBBIN and transfers 
the data to the output port (Port 1). If IBF is not set or 
once the data is transferred to the output port if it was, 
OBF is tested. If OBF is reset (indicating the master has 
read DBBOUT), the input port (Port 2) is read and trans- 
ferred to DBBOUT. If OBF is set, the master has yet to 
read DBBOUT so the program just loops back to test 
IBF. 



■ UPI OUTPUT ONLY EXAMPLE PORT 2 USED AS INPUT PORT 
; PORT DATA IS AVAILABLE IN DBBOUT 

RESET: JOBF RESET ; LOOP IF OBF = t (DATA NOT READ) 
IN A, P2 ; DBBOUT CLEAR. READ PORT 

OUT DBB. A ; TRANSFER PORT DATA TO DBBOUT 
JMP RESET ; WAIT FOR MASTER TO READ DATA 



Figure 8A. Single Input Port Example 



8085 SOFTWARE FOR UPI OUTPUT ONLY EXAMPLE 
INPUT DATA RETURNED IN REG. A 



IN 


STATUS 


. READ UPI STATUS 


ANI 


OBF 


; LOOK AT OBF 


JZ 


UPIIN 


; WAIT UNTIL OBF = 1 


IN 


DBBOUT 


; READ DBBOUT 


RET 




: RETURN WITH DATA IN A 



Figure 8B. 8085A Single Input Port Code 



:UPI INPUT/OUTPUT EXAMPLE ■ PORT 1 OUTPUT, PORT 2 INPUT 



RESET: 


J N I B F 


OUT1 


i IF IBF = 0, DO OUTPUT 




IN 


A. DBB 


; IF IBF = 1. READ DBBIN 




OUTL 


P1,A 


; TRANSFER DATA TO PORT 1 


OUT1: 


JOBF 


RESET 


; IF OBF = 1, GO TEST IBF 




IN 


A. P2 


; IF OBF 1 0, READ PORT 2 




OUT 


DBB. A 


; TRANSFER PORT DATA TO DBBOUT 




JMP 


RESET 


; GO CHECK FOR INPUT 



Figure 9. Combination Output/Input Port Example 



The master software is identical to the separate input/ 
output examples; the master must test IBF and OBF 
before writing output port data into DBBIN or before 
reading input port data from DBBOUT respectively. 

In all of the three examples above, the UPI treats infor- 
mation from the master solely as data. There has been 
no need to check if DBBIN information is a command 
rather than data since the applications do not require 
commands. But what if both Port 1 and 2 were used as 
output ports? The UPI needs to know into which port to 
put the data. Let's use a command to select which port. 

Recall that both commands and data pass through 
DBBIN. The state of the AO pin at the time of the write to 
DBBIN is used to distinguish commands from data. By 
convention, DBBIN writes with A0 = are for data, and 
those with A0= 1 are commands. When DBBIN is writ- 
ten into, F1 (Flag 1) is set to the state of AO. The UPI 
tests F1 to determine if the information in the DBBIN 
register is data or a command. 

For the case of two output ports, let's assume that the 
master selects the desired port with a command prior to 
writing the data. (We could just use F1 as a port select 
but that would not illustrate the subtle differences 
between commands and data.) Let's define the port 
select commands such that bit 1 = 1 if the next data is 
for Port 1 (Write Port 1 =0000 0010) and bit 2 = 1 if the 
next data is for Port 2 (Write Port 2 = 0000 0100). (The 
number of the set bit selects the port.) Any other bits are 
ignored. This assignment is completely arbitrary; we 
could use any command structure, but this one has the 
advantage of being simple. 

Note that the UPI must "remember" from DBBIN write 
to write which port has been selected. Let's use F0 (Flag 
0) for this purpose. If a Write Port 1 command is 
received, F0 is reset. If the command is Write Port 2, F0 
is set. When the UPI finds data in DBBIN, F0 is interro- 
gated and the data is loaded into the previously selected 
port. The UPI software is shown in Figure 10A. 



UPI DUAL OUTPUT PORT EXAMPLE - BOTH PORT 1 AND 2 OUTPUTS 
COMMAND SELECTS DESIRED PORT 
WRITE PORT 1 - 0000 0010 (02H) 
WRITE PORT 2 ■ 0000 0100 (04H) 

FLAG USED TO REMEMBER WHICH PORT WAS SELECTED 
BY LAST COMMAND. 



RESET: 


JNIBF 


RESET 


; WAIT FOR MASTER INPUT 




IN 


A. DBB 


; READ INPUT 




JF1 


CMD 


; IF F1 = 1, COMMAND INPUT 




JF0 


PORT2 


; INPUT IS DATA, TEST F0 




OUTL 


P1,A 


■ ; F0 * 0, SO OUTPUT TO PORT 1 




JMP 


RESET 


; WAIT FOR NEXT INPUT 


PORT2: 


OUTL 


P2, A 


: F0 = 1 , SO OUTPUT TO PORT 2 




JMP 


RESET 


; WAIT FOR NEXT INPUT 


CMD: 


JB1 


PT1 


; TEST COMMAND BITS (BIT 1) 




J62 


PT2 


; TEST BIT 2 




JMP 


RESET 


; NEITHER BIT SET, WAIT FOR INPUT 


PT1: 


CLR 


F0 


; PORT 1 SELECTED, CLEAR F0 




JMP 


RESET 


; WAIT FOR INPUT 


PT2: 


CLR 


FO 


; PORT 2 SELECTED, SET F0 




CPL 


F0 






JMP 


RESET 


; WAIT FOR INPUT 



Figure 10A. Dual Output Port Example 



9-8 



Initially, the UPI simply waits until IBF is set indicating 
the master has written into DBBIN. Once IBF is set, 
DBBIN is read and F1 is tested for a command. If F1 = 1, 
the DBBIN byte is a command. Assuming a command, 
bit 1 is tested to see if the command selected port 1. If 
so, FO is cleared and the program returns to wait for the 
data. If bit 1=0, bit 2 is tested. If bit 2 is set, Port 2 is 
selected so FO is set. The program then loops back wait- 
ing for the next master input. This input is the desired 
port data. If bit 2 was not set, FO is not changed and no 
action is taken. 

When IBF= 1 is again detected, the input is again tested 
for command or data. Since it is necesarily data, DBBIN 
is read and FO is tested to determine which port was pre- 
viously selected. The data is then output to that port, 
following which the program waits for the next input. 
Note that since FO still selects the previous port, the 
next input could be more data for that port. The port 
selection command could be thought of as a port select 
flip-flop control; once a selection is made, data may be 
repeatedly written to that port until the other port is 
selected. Master software, Figure 10B, simply must 
check IBF before writing either a command or data to 
DBBIN. Otherwise, the master software is straight- 
forward. 

For the sake of completeness, UPI software for imple- 
menting two input ports is given in Figure 11. This case 
is simpler than the dual output case since the UPI can 
assume that all writes to DBBIN are port selection com- 
mands so no command/data testing is required. Once 
the Port Read command is input, the selected port is 
read and the port data is placed in DBBOUT. Note that in 
this case FO is used as a UPI error indicator. If the 
master happened to issue an invalid command (a com- 
mand without either bit 1 or 2 set), FO is set to notify the 
master that the UPI did not know how to interpret the 
command. FO is also set if the master commanded a 
port read before it had read DBBOUT from the previous 
command. The UPI simply tests OBF just prior to 
loading DBBOUT and if OBF = 1 , FO is set to indicate the 
error. 

All of the above examples are, in themselves, rather triv- 
ial applications of the UPI although they could easily be 
incorporated as one of several tasks in a UPI handling 
multiple small tasks. We have covered them primarily to 
introduce the UPI concept and to illustrate some 
master/UPI protocol. Before moving on to more realistic 
UPI applications, let's discuss two UPI features that do 
not directly relate to the master/UPI protocol but greatly 
enhance the UPl's data transfer capability. 

In addition to the OBF and IBF bits in the STATUS reg- 
ister, these flags can also be made available directly on 
two port pins. These port pins can then be used as inter- 
rupt sources to the master. By executing an EN FLAGS 
instruction, Port 2 pin 4 reflects the condition of OBF 
and Port 2 pin 5 reflects the inverted condition of IBF 
(IBF). These dedicated outputs can then be enabled or 
disabled via their respective port bit values; i.e., P24 
reflects OBF as long as an instruction is executed 
which sets P24 (i.e. ORL P2,#10H). The same action 
applies to the IBF output except P25 is used. Thus P24 
may serve as a DATA AVAILABLE interrupt output. Like- 



wise for P25 as a READY-TO-ACCEPT-DATA interrupt. 
This greatly simplifies interrupt-driven master-slave 
data transfers. 



8085 SOFTWARE FOR DUAL OUTPUT PORT EXAMPLE 

THIS ROUTINE WRITES DATA IN REG. C TO PORT 1 
(SAME ROUTINE FOR PORT 2 - JUST CHANGE COMMAND) 



PORT1: 


IN 


STATUS ; 


READ UPI STATUS 




ANI 


IBF ; 


LOOK AT IBF 




JNZ 


PORT1 ; 


WAIT UNTIL IBF = 




MVI 


A, 0000001 OB 


; LOAD WRITE PORT1 CMD 




OUT 


UPICMD 


OUTPUT TO UPI COMMAND PORT 


P1: 


IN 


STATUS ; 


READ UPI STATUS AGAIN 




ANI 


IBF ; 


LOOK AT IBF 




JNZ 


P1 ; 


WAIT UNTIL COMMAND ACCEPTED 




MOV 


A. C 


GET DATA FROM C 




OUT 


DBBIN 


OUTPUT TO DBBIN 




RET 




DONE, RETURN 



Figure 10B. 8085A Dual Output Port Example Code 



UPI DUAL INPUT PORT EXAMPLE ■ BOTH PORT 1 AND 2 INPUTS 
COMMAND SELECTS WHICH PORT IS TO BE READ 
FLAG USED AS ERROR FLAG 



RESET: 


JNIBF 


RESET 


WAIT FOR INPUT 




CLR 


FO 


CLEAR ERROR FLAG 




IN 


A, DBB 


READ INPUT (COMMAND) 




JB1 


PT1 


TEST BIT 1 (PORT1) 




JB2 


PT2 


TEST BIT 2 (PORT2) 


ERROR: 


CPL 


F0 


ERROR COMPLEMENT F0 




JMP 


RESET 


WAIT FOR INPUT 


PT1: 


IN 


A, P1 


READ PORT 1 




JOBF 


ERROR 


TEST OBF BEFORE LOADING DBBOUT 




OUT 


DBB, A 


LOAD PORT1 DATA INTO DBBOUT 




JMP 


RESET 


WAIT FOR INPUT 


PT2: 


IN 


A, P2 


READ PORT 2 




JOBF 


ERROR 


TEST OBF BEFORE LOADING DBBOUT 




OUT 


DBB, A 


LOAD PORT2 DATA INTO DBBOUT 




JMP 


RESET 


WAIT FOR INPUT 



Figure 11. Dual Input Port Example 



The UPI also supports a DMA transfer interface. If an EN 
DMA instruction is executed, Port 2 pin 6 becomes a 
DMA Request (DRQ) output a nd P27 becomes a high im- 
pedance DMA Acknowledge (DACK) input. Any instruc- 
tion which woul d norm ally set P26 now_sets DRQ . DRQ 
is clea red wh en DACK is low and either RD or WR is low. 
When DACK is low, CS and AO are forced low internally 
which allows data bus transfers between DBBOUT or 
DBBIN to occur, depending upon whether WR or RD is 
true. Of course, the function requires the use of an 
external DMA controller. 

Now that we have discussed the aspects of the UPI pro- 
tocol and data transfer interfaces, let's move on to the 
actual applications. 

EXAMPLE APPLICATIONS 

Each of the following three sections present the hard- 
ware and software details of a UPI application. Each 
application utilizes one of the protocols mentioned in 
the last section. The first example is a simple 8-digit 
LED display controller. This application requires only 
that the UPI perform input operations from the DBBIN; 
DBBOUT is not used. The reverse is true for the second 
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application: a sensor matrix controller. The final applica- 
tion involves both DBBOUT and DBBIN operations: a 
combination serial/parallel I/O device. 

The core master processor system with which these 
applications were developed is the iSBC 80/30 single 
board computer. This board provides an especially con- 
venient UPI environment since it contains a dedicated 
socket specifically interfaced for the UPI-41A. The 80/30 
uses the 8085A as the master processor. The I/O and 
peripheral compliment on the 80/30 include 12 vectored 
priority interrupts (8 on an 8259 Programmable Interrupt 
Controller and 4 on the 8085A itself), an 8253 Program- 
mable Interval Timer supplying three 16-bit program- 
mable timers (one is dedicated as a programmable baud 
rate generator), a high speed serial channel provided by 
a 8251 Programmable USART, and 24 parallel I/O lines 
implemented with an 8255A Programmable Parallel 
Interface. The memory compliment contains 16K bytes 
of RAM using 2117 16Kbit Dynamic RAMs and the 8202 
Dynamic RAM Controller, and up to 8K bytes of 



ROM/EPROM with sockets compatible with 2716, 2758, 
or 2332 devices. The 80/30's RAM uses a dual port 
architecture. That is, the memory can be considered a 
global system resource, accessible from the on-board 
8085A as well as from remote CPUs and other devices 
via the MULTIBUS. The 80/30 contains MULTIBUS con- 
trol logic which allows up to 16 80/30s or other bus 
masters to share the same system bus. (More detailed 
information on the iSBC 80/30 and other iSBC products 
may be found in the latest Intel Systems Data Catalog.) 

A block diagram of the iSBC 80/30 is shown in Figure 12. 
Details of the UPI interface are shown in Figure 13. This 
interface decodes the UPI registers in the following 
format: 



Register 

Read STATUS 
Write DBBIN (command) 
Read DBBOUT (data) 



Operations 

IN E5H 
OUT E5H 

IN E4H 
OUT E4H 




Figure 12. iSBC 80/30 Block Diagram 
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EVENT CLOCK (82S3) 
1488 

RS-232 
CHANNEL 

8085 INTR 



Figure 13. UPI Interface on iSBC 60(30 



8-Digit Multiplexed LED Display 

The traditional method of interfacing an LED display 
with a microprocessor is to use a data latch along with a 
BDC-to-7-segment decoder for each digit of the display. 
Thus two ICs, seven current limiting resistors, and 
about 45 connections are required for each digit. These 
requirements are, of course, multiplied by the total num- 
ber of digits desired. The obvious disadvantages of this 
method are high parts count and high power dissipation 
since each digit is "ON" continuously. Instead, a 
scheme of time multiplexing the display can be used to 
decrease both parts count and power dissipation. 

Display multiplexing basically involves connecting the 
same segment (a, b, c, d, e, f, or g) of each digit in paral- 
lel and driving the common digit element (anode or cath- 
ode) of each digit separately. This is shown schematic- 
ally in Figure 14. The various digits of the display are not 
all on at once; rather, only one digit at a time is ener- 
gized. As each digit is energized, the appropriate seg- 
ments for that digit are turned on. Each digit is enabled 
in this way, in sequence, at a rate fast enough to ensure 
that each digit appears to be "ON" continuously. This 
implies that the display must be "refreshed" at periodic 
intervals to keep the digits flicker-free. If the CPU had to 
handle this task, it would have to suspend normal proc- 
essing, go update the display, and then return to its nor- 



mal flow. This extra burden is ideally handled by a UPI. 
The master CPU could simply give characters to the UPI 
and let the UPI do the actual segment decoding, display 
multiplexing, and refreshing. 




^^i 2N -3] -\k -5" 



DIGIT DRIVERS 



Figure 14. LED Multiplexing 
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As an example of this technique, Figure 15 shows the 
UPI controlling an 8-digit LED display. All digit seg- 
ments are connected in parallel and are driven through 
segment drivers by the UPl's Port 1. The lower 3 bits of 
Port 2 are inputs to a 3-to-8 decoder which selects an 
individual digit through a digit driver. A fourth Port 2 line 
is used as a decoder enable input. The remaining Port 2 
lines plus the TO and T1 inputs are available for other 
tasks. 

Internally, the UPI uses the counter/timer in the interval 
timer mode to define the interval between display 
refreshes. Once the timer is loaded with the desired 
interval and started, the UPI is free to handle other 
tasks. It is only when a timer overflow interrupt occurs 
that the UPI handles the short display multiplexing rou- 
tine. The display multiplexing can be considered a back- 
ground task which is entirely interrupt-driven. The 
amount of time spent multiplexing is such that there is 
ample time to handle a non-timer task in the UPI fore- 
ground. (We'll discuss this timing shortly.) 

When a timer interrupt occurs, the UPI turns off all 
digits via the decoder enable. The next digit's segment 
contents are retrieved from the internal data memory 
and output via Port 1 to the segment drivers. Finally, the 
next digit's location is placed on Port 2 (P20-P22) and 
the decoder enabled. This displays the digit's segment 
information until the next interrupt. The timer is then 
restarted for the next interval. This process continues 
repeatedly for each digit in sequence. 

As a prelude to discussing the UPI software, let's exam- 
ine the internal data memory structure used in this 
application, Figure 16. This application requires only 14 
of the 64 total data memory locations. The top eight 
locations are dedicated to the Display Map; one location 
for each digit. These locations contain the segment and 
decimal point information for each character. Just how 
characters are loaded into this section of memory is 
covered shortly. Register R7 of Register Bank 1 is used 



as the temporary Accumulator store during the interrupt 
service routines. Register R3 stores the digit number of 
the next digit to be displayed. R2 is a temporary storage 
register for characters during the character input 
routine. RO is the offset pointer pointing to the Display 
Map location of the next digit. That makes 12 locations 
so far. The remaining two locations are the two stack 
locations required to store the return address plus 
status during the timer and input interrupt service rou- 
tines. The remaining unused locations, all of Register 
Bank 0, 14 bytes of stack, 4 in Register Bank 1, and 24 
general purpose RAM locations, are all available for use 
by any foreground task. 



63 


DISPLAY MAP 
8x8 




5 


USER RAM 

24x8 
(NOT USED) 




31 


ACCUMULATOR STORE 


R7 




NOT USED 


R6 




NOT USED 


R5 




NOT USED 


R4 




DIGIT COUNTER 


R3 




TEMPORARY STORE 


R2 




NOT USED 


R1 


24 


DISPLAY MAP POINTER 


RO 


23 


STACK 
18x8 




S 






7 


UNUSED 
8x8 












REGISTER 
BANK 1 



REGISTER 
BANKO 



Figure 16. LED Display Controller Data Memory Allocation 
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Figure 15. UPI Controlled e-Dlgil LED Display 
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The UPI software consists ot only three short routines. 
One, INIT, is used strictly during initialization. DISPLA 
is the multiplexing routine called at a timer interrupt. 
INPUT is the character input handler called at an IBF 
interrupt. The flow charts for these routines are shown 
in Figures 17A thru 17C. 



INIT 



INITIALIZE 
REGISTERS 



TURN OFF ALL 
DRIVERS 



FILL DISPLAY MAP WITH 
BLANK CHARACTERS 



CLEAR DIGIT COUNTER 



LOAD AND START 
TIMER 





ENABLE TIMER AND 
IBF INTERRUPTS 










WAIT LOOP OR 
FOREGROUND TASK CODE 







SWITCH TO RB1 
SAVE ACCUMULATOR 
t 



TURN OFF ALL DIGIT 
DRIVERS 



UPDATE DISPLAY 
MAP POINTER 



GET SEGMENT INFO 
FROM DISPLAY MAP 



OUTPUT TO SEGMENT 
DRIVERS 



TURN ON DIGIT 
DRIVER 



[increment pigitcqunter| 




I LOAD AND START TIMER I 

r 

I RESTORE ACCUMULATOR I 



Figure 17C. DISPLA Routine Flow 



Figure 17A. INIT Routine Flow 



SWITCH TO RB1 
SAVE ACCUMULATOR 

X 



READ AND SAVE DBBIN 



ISOLATE DIGIT SELECT 



UPDATE DISPLAY MAP POINTER 
TO SELECTED DIGIT LOCATION 



| ISOLATE CHARACTER SELECT 




LOOKUP SEGMENT 
INFO IN TABLE 




AND dp BIT TO 
DISPLAY MAP 
LOCATION 


LOAD INFO INTO 
DISPLAY MAP 

I 







RESTORE ACCUMULATOR 



RETURN 



Figure 17B. INPUT Routine Flow 



INIT initializes the UPI by simply turning off all segment 
and digit drivers, filling the Display Map with blank char- 
acters, loading and starting the timer, and enabling both 
timer and IBF interrupts. Although the flow chart shows 
the program looping at this point, it is here that the code 
for any foreground task is inserted. The only restrictions 
on this foreground task are that it not use I/O lines dedi- 
cated to the display and that it not require dedicated use 
of the timer. It could share the timer if precautions are 
taken to ensure that the display will still be refreshed at 
the required interval. 

The INPUT routine handles the character input. It is 
called when an IBF interrupt occurs. After the usual 
swapping of register banks and saving of the accumu- 
lator, DBBIN is read and stored in register R2. DBBIN 
contains the Display Data Word. The format for this 
word, Figure 18, has two fields: Digit Select and Char- 
acter Select. The Digit Select field selects the digit num- 
ber into which the character from the Character Select 
field is placed. Notice that the character set is not lim- 
ited strictly to numerics, some alphanumeric capability 
is provided. Once DBBIN is read, the offset for the 
selected digit is computed and placed in the Display 
Map Pointer RO. Next the segment information for the 
selected character is found through a look-up table 
starting in page 3 of the program memory. This segment 
information is then stored at the location pointed at by 
the Display Map Pointer. If the Character Select field 
specified a decimal point, the segment correponding 
the decimal point is ANDed into the present segment 
information for that digit. After the accumulator is 
restored, execution is returned to the main program. 
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A 


3 


2 
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a 














1 


1 











1 





I 











1 


1 


3 








1 








4 








1 





1 


s 








1 


1 





E 








1 


1 


1 


1 





1 











B 





1 








1 


9 





1 





1 





n 





1 





1 


1 


b 





1 


1 








c 





1 


1 





1 


6 





1 


1 


1 





i 





1 


1 


1 


1 


F 


1 
















1 











1 


I 


1 








1 







1 








1 


1 




1 





1 








J 


1 





1 





1 


L 


1 





1 


1 







1 





1 


1 


1 




1 


1 











P 


1 


1 








1 




1 


1 





1 





fc 


1 


1 





1 


1 


U 


1 


1 


1 








H 


1 


1 


1 





1 




1 


1 


1 


1 







1 


1 


1 


1 


1 


blank 



Figure 18. LED Display Controller Display Data Word Format 



8085A software takes care of the display digit number- 
ing. Since the application is input-only for the UPI, the 
only protocol required is that the master must test IBF 
before writing a Display Data Word into DBBIN. 

On the iSBC 80/30, the UPI frequency is at 5.5296 MHz. 
To obtain a flicker-free display, the whole display must 
be refreshed at a rate of 50 Hz or greater. If we assume a 
50 Hz refresh rate and an 8-digit display, this means the 
DISPLA routine must be CALLed 50x8 or 400 times/ 
sec. This translates, using the timer interval of 87 |iS at 
5.5296 MHz, to a timer count of 227. (Recall from the 
UPI-41 User's Manual that the timer is an "8-bit up- 
counter".) Hence the TIME equate of 227D in the UPI 
listing. Obviously, different frequency sources or 
display lengths would require that this equate be 
modified. 

With the UPI running at 5.5296 MHz, the instruction 
cycle time is 2.713 pS. The DISPLA routine requires 28 
instruction cycles, therefore, the routine executes in 76 
us. Since DISPLA is CALLed 400 times/sec, the total 
time spent refreshing the display during one second is 
then 30 ms or 3% of the total UPI time. This leaves 
97.0% for any foreground tasks that could be added. 

While the basic UPI software is useful just as it stands, 
there are several enhancements that could be incor- 
porated depending on the application. Auto- 
incrementing of the digit location could be added to the 
input routine to alleviate the need for the master to keep 
track of digit numbers. This could be (optionally) either 
right-handed or left-handed entry a la Tl or HP 
calculators. The character set could be easily modified 
by simply changing the lookup table. The display could 
be expanded to 16 digits at the expense of one addi- 
tional Port 2 digit select line, the replacement of the 
3-to-8 decoder with a 4-to-16 decoder, and 8 more 
Display Map locations. 

Now let's move on to a slightly more complex applica- 
tion that is UPI output-only — a sensor matrix con- 
troller. 



The DISPLA routine simply implements the multiplexing 
actions described earlier. It is called whenever a timer 
interrupt occurs. After saving pre-interrupt status by 
switching register banks and storing the Accumulator, 
all digit drivers are turned off. The Display Map Pointer 
is then updated using the Current Digit Register to point 
at that digit's segment information in the Display Map. 
This information is output to Port 1; the segment 
drivers. The number of the current digit, R3, is then sent 
to the digit select decoder and the decoder is enabled. 
This turns on the current digit. The digit counter is 
incremented and tested to see if all eight digits have 
been refreshed. If so, the digit counter is reset to zero. If 
not, nothing is done. Finally, the timer is loaded and 
restarted, the Accumulator is restored, and the routine 
returns execution to the main program. Thus DISPLA 
refreshes one digit each time it is CALLed by the timer 
interrupt. The digit remains on until the next time 
DISPLA is executed. 

The UPI software listing is included as Appendix A1. 
Appendix A2 shows the 8085A test routine used to dis- 
play the contents of a display buffer on the display. The 



Sensor Matrix Controller 

Quite often a microprocessor system is called upon to 
read the status of a large number of simple SPST 
switches or sensors. This is especially true in a process 
or industrial control environment. Alarm systems are 
also good examples of systems with a large sensor pop- 
ulation. If the number of sensors is small, it might be 
reasonable to dedicate a single input port pin for each 
sensor. However, as the number of sensors increase, 
this technique becomes very wasteful. A better arrange- 
ment is to configure the sensors in a matrix organiza- 
tion like that shown in Figure 19. This arrangement of 16 
sensors requires only 4 input and 4 output lines; half the 
number needed if dedicated inputs were used. The line 
saving becomes even more substantial as the number of 
sensors increases. 

In Figure 19, the basic operation of the matrix involves 
scanning individual row select lines in sequence while 
reading the column return lines. The state of any par- 
ticular sensor can then be determined by decoding the 
row and column information. The typical configuration 
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pulls up the column return lines and the selected row Is 
held low. Deselected rows are held high. Thus a return 
line remains high for an open sensor on the selected 
row and is pulled low for a closed sensor. Diode isola- 
tion is used to prevent a phantom closure which would 
occur when a sensor is closed on a selected row and 
there are two or more closures on a deselected row. Ger- 
manium diodes are used to provide greater noise margin 
at the return line input. 

If the main processor was required to control such a 
matrix it would periodically have to output at the row 
port and then read the column return port. The proc- 
essor would need to maintain in memory a map of the 
previous state of the matrix. A comparison of the new 
return information to the old information would then be 
made to determine whether a sensor change had 
occurred. Any changes would be processed as needed. 
A row counter and matrix map pointer also require main- 
tenance each scan. Since in most applications sensors 
change very slowly compared to most processing 
actions, the processor probably would scan the rows 
only periodically with other tasks being processed 
between scans. 

Rather than require the processor to handle the rather 
mundane tasks of scanning, comparing, and decoding 
the matrix, why not use a dedicated processor? The UPI 
is perfect. 



Figure 20 shows a UPI configuration for controlling up 
to 128 sensors arranged in a 16x8 matrix. The 4-to-16 
line decoder is used as the row selector to save port 
pins and provides the expansion to 128 sensors over the 
maximum of 64 sensors if the port had been used 
directly. It also helps increase the port drive capability. 
The column return lines go directly into Port 1. Features 
of this design include complete matrix management. As 
the UPI scans the matrix it compares its present status 
to the previous scan. If any change is detected, the loca- 
tion of the change is decoded and loaded, along with the 
sensor's present state, into DBBOUT. This byte is called 
a Change Word. The Master processor has only to read 
one byte to determine the status and coordinate of a 
changed sensor. If the master had not read a previous 
Change Word in DBBOUT (OBF= 1) before a new sensor 
change is detected, the new Change Word is loaded into 
an internal FIFO. This FIFO buffers up to 40 changes 
before it fills. The status of the FIFO and OBF is made 
available to the master either by polling the UPI STATUS 
register, Figure 21 A, or as interrupt sources on port pins 
P24 and P25 respectively, Figure 20. The FIFO NOT 
EMPTY pin and bit are true as long as there are changes 
not yet read in the FIFO. As long as the FIFO is not emp- 
ty, the UPI monitors OBF and loads new Change Words 
from the FIFO into DBBOUT. Thus, the UPI provides 
complete FIFO management. 
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Figure 20. 128 Sensor Matrix Controller 
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Figure 21A. Sensor Matrix Status Register Format 
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Figure 21 B. Sensor Matrix Change Word Format 
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Internally, the matrix scanning software is programmed 
to run as a foreground task. This allows the timer/ 
counter to be used by any background task although the 
hardware configuration leaves only 2 inputs (TO and T1) 
plus 2 I/O port pins available. Also, to add a background 
task, the FIFO would have to be made smaller to accom- 
modate the needed register and data memory space. (It 
would be possible however to turn the table here and 
make the scanning software timer/counter interrupt- 
driven where the timer times the scan interval.) 

The data memory organization for this application is 
shown in Figure 22. The upper 16 bytes form the Matrix 
Map and store the sensor states from the previous scan; 
one bit for each sensor. The Change Word FIFO occu- 
pies the next 40 locations. (The top and bottom 
addresses of this FIFO are treated as equate variables in 
the program so that the FIFO size may easily be 
changed to accommodate the register needs of other 
tasks.) Register R0 serves as a pointer into the matrix 
map area for comparisons and updates of the sensor 
status. R1 is a general FIFO pointer. The FIFO is imple- 
mented as a circular buffer with In and Out pointer reg- 
isters which are stored in R4 and R5 respectively. These 
registers are moved into FIFO pointer R1 for actual 
transfers into or out of the FIFO. R2 is the Row Select 
Counter. It stores the number of the row being scanned. 
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Figure 22. Sensor Matrix Data Memory Map 



Register R3 is the Column Counter. This counter is nor- 
mally set to 00H; however, when a change is detected 
somewhere in a particular row, it is used to inspect each 
sensor status bit individually for a change. When a 
changed sensor bit is found, the Row Select Counter 
and Column Counter are combined to give the sensor's 
matrix coordinate. This coordinate is temporarily stored 
in the Change Word Store, register R6. Register R7 is 
the Compare Result. As each row is scanned, the return 
information is Exclusive-OR'd with the return informa- 
tion from the previous scan of that row. The result of 
this operation is stored in R7. If R7 is zero, there have 
been no changes on that row. A non-zero result in- 
dicates at least one changed sensor. 

The basic program operation is shown in the flow chart 
of Figure 23. At RESET, the software initializes the work- 
ing registers, the ports, and clears the STATUS register. 
To get a starting point from which to perform the sensor 
comparisons, the current status of the matrix is read 
and stored in the Matrix Map. At this point, the UPI 
begins looking for changed sensors starting with the 
first row. 

Before delving further into the flow, let's pause to 
describe the general format of the operation. The UPI 
scans the matrix one row at a time. If no changes are 
detected on a particular row, the UPI simply moves to 
the next row after checking the status of DBBOUT and 
the FIFO. If a change is detected, the UPI must check 
each bit (sensor) within the row to determine the actual 
sensor location. (More than one sensor on the scanned 
row could have changed.) Rather than test all 8 bits of 
the row before checking the DBBOUT and FIFO 
status again, the UPI performs the status check in 
between each of the bit tests. This ensures the fastest 
response to the master reading previous Change Words 
from DBBOUT and the FIFO. 

With this general overview in mind, let's go first thru the 
flow chart assuming we are scanning a row where no 
changes have occurred. Starting at the Scan-and- 
Compare section, the UPI first checks if the entire 
matrix has been scanned. If it has, the various pointers 
are reset. If not, the address of the next row is placed on 
Port 20 thru 23. This selects the desired row. The state 
of the row is then read on Port 1; the column return 
lines. This present state is compared to the previous 
state by retrieving the previous state from the matrix 
map and performing an Exclusive-OR with the present 
state. Since we are assuming that no change has oc- 
curred, the result is zero. No coordinate decoding is 
needed and the flow branches to the FIFO-DBBOUT 
Management section. 

The FIFO-DBBOUT Management section simply main- 
tains the FIFO and loads DBBOUT whenever Change 
Words are present in the FIFO and DBBOUT is clear 
(OBF = 0). The section first tests if the FIFO is full. (If we 
assume our "no-change" row is the first row scanned, 
the FIFO obviously would not be full.) If it is, the UPI 
waits until OBF = 0, at which point the next Change 
Word is retrieved from the FIFO and placed in DBBOUT. 
This "unfills" the FIFO making room for more Change 
Words. At this point, the Column Counter, R3, is 
checked. For rows with no changes, the Column 
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Figure 23. Sensor Matrix Controller Flow ( 



Counter is always zero so the test simply falls through. 
(We cover the case for changes shortly.) Now the FIFO 
is tested for being empty. If it is, there is no sense in any 
further tests so the flow simply goes back up to scan 
the next row. If the FIFO is not empty, DBBOUT is tested 
again through OBF. If a Change Word is in DBBOUT 
waiting for the master to read it, nothing can be done 
and the flow likewise branches up for the next row. 
However, if the DBBOUT is free and remembering that 
the previous test showed that the FIFO was not empty, 
DBBOUT is loaded with the next Change Word and the 
last two conditional tests repeat. 

Now let's assume the next row contains several 
changed sensors. Like before, the row is selected, the 
return lines read, and the sensor status compared to the 
previous scan. Since changes have occurred, the Exclu- 
sive-OR result is now non-zero. Any 1s in the result 
reflect the positions of the changed sensors. This non- 
zero result is stored in the Compare Result register, R7. 
At this point, the Column Counter is preset to 8. To 
determine the changed sensors' locations, the Compare 
Result register is shifted bit-by-bit to the left while de- 
crementing the Column Counter. After each shift, bit 7 
of the result is tested. If it is a one, a changed sensor 
has been found. The Column Counter then reflected the 
sensor's matrix column position while the Scan Row 
Select register holds it row position. These registers are 
then combined in R6, the Change Word Store, to form 
the sensor's matrix coordinate section of the Change 
Word. The 8th bit of the Change Word Store is coded 
with the sensor's present state (Figure 21). This byte 
forms the complete Change Word. It is loaded into the 
next available FIFO position. If bit 7 of the Compare 
Result had been a zero, that particular sensor had not 
changed and the coordinate decoding is not performed. 

In between each shift, test, and coordinate encode (if 
necessary), the FIFO-DBBOUT Management is per- 
formed. It is the Column Counter test within this section 
that routes the flow back up to the Change Word En- 
coding section if the entire Compare Result (row) has 
not been shifted and tested. 

The FIFO is implemented as a circular buffer with IN 
and OUT pointers (R4 and R5 respectively). The opera- 
tions of the FIFO is best understood using an example, 
Figure 24. This series of figures show how the FIFO, 
DBBOUT, and OBF interact as changes are detected and 
Change Words are read by the master. The letters cor- 
respond to sequential Change Words being loaded into 
the FIFO. Note that the figures show only a 4x8 FIFO 
however, the principles are the same in the 40 x 8 FIFO. 

Figure 24A shows the condition where no Change 
Words have been loaded into the FIFO or DBBOUT. In 
Figure 24B a change, "A", has been detected, decoded, 
and loaded into the FIFO at the location equal to the 
value of the FIFO-IN pointer. The FIFO-IN pointer is then 
incremented and the FIFO-OUT pointer is reset to the 
bottom of the FIFO since it had reached the FIFO top. 
Now that a Change Word is in the FIFO, OBF is checked 
to see if DBBOUT is empty. Because OBF = 0, DBBOUT 
is empty and the Change Word is loaded from the FIFO 
location pointed at by the FIFO-OUT pointer. This is 
shown in Figure 24C. Loading DBBOUT automatically 
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OBF. This allows the next Change Word to be loaded in- 
to DBBOUT. Note that each time the FIFO is loaded, the 
FIFO-IN pointer increments. Each time DBBOUT is read 
the FIFO-OUT pointer increments unless there are no 
more Change Words in the FIFO. Both pointers wrap- 
around to the bottom once they reach the FIFO top. The 
remaining figures show more Change Words being 
loaded into the FIFO. When the entire FIFO fills and 
DBBOUT can not be loaded (OBF=1), scanning stops 
until the master reads DBBOUT making room for more 
Change Words. 



interrupt simply reflects OBF and is handled automatic- 
ally by the UPI since an EN FLAGS instruction is exe- 
cuted during initialization. The FIFO NOT EMPTY inter- 
rupt is generated and cleared as appropriate, each pass 
through the FIFO management code. 

No debouncing is provided although it could be added. 
Rather, the scan time is left as an equate variable so that 
it could be varied to account for both debounce time and 
expected sensor change rates. The minimum scan time 
for this application is 2 msec when using a 6 MHz clock. 
Since the matrix controller is coded as a foreground 
task, scan time simply uses a software delay loop. 

The UPI software is included as Appendix B1 . Appendix 
B2 is 8085A test software which builds a Change Word 
buffer starting at BUFSRT. This software simply polls 
the STATUS register looking for Change Word Ready to 
go true. DBBOUT is then read and loaded into the buffer. 
Now let's move on to an application which combines 
both the foreground and background concepts. 
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The final UPI application was designed especially to add 
additional serial and parallel I/O ports to the iSBC 80/30. 
This UPI simulates a full-duplex UART (Universal Asyn- 
chronous Receiver/Transmitter) combined with an 8-bit 
parallel I/O port. Features of the UART include: software 
selectable baud rates (110, 300, 600, or 1200 baud), 
double buffering for both the transmitter and receiver, 
and receiver testing for false state bit, framing, and over- 
run errors. For parallel I/O, one 8-bit port is program- 
mable for either input or output. The output port is 
statically latched and the input port is sampled. 

Figure 25 shows the interface of this combination I/O 
device to the dedicated UPI socket on the iSBC 80/30. 
The only external requirement is a 76.8 kHz source 
which serves as the baud rate standard. The internal 
baud rates are generated as multiples of this external 
clock. This clock is obtained from one of the 8253 
counters. Otherwise, an RS-232 driver and receiver 
already available for UPI use in serial I/O applications. 
Sockets are also provided for termination of the parallel 
port. 
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Figure 24A-J. FIFO Operation Example 



Figure 25. Combination I/O Device 
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There are three commands for this application. Their for- 
mat is shown in Figure 26. The CONFIGURE command 
specifies the serial baud rate and the parallel I/O direc- 
tion. Normally this command is issued once during sys- 
tem initialization. The I/O command causes a parallel I/O 
operation to be performed. If the parallel port direction 
is output, the UPI expects the data byte immediately 
following an I/O command to be data for the output port. 
If the port is in the input direction, an I/O command 
causes the port to be read and the data placed in 
DBBOUT. The RESET ERROR command resets the 
serial receiver error bits in the STATUS register. 

The STATUS register format is shown in Figure 27. 
Looking at each bit, bit (OBF) is the DATA AVAILABLE 
flag. It is set whenever the UPI places data into 
DBBOUT. Since the data may come from either the 
receiver or the parallel input port, the FO and F1 flags 
(bits 2 and 3) code the source. Thus, when the master 
finds OBF set, it must decode FO and F1 to determine 
the source. 

Bit 1 (IBF) functions as a busy bit. When IBF is set, no 
writes to DBBIN are allowed. Bit 5 is the TxINT (Trans- 
mitter Interrupt) bit. It is asserted whenever the trans- 
mitter buffer register is empty. The master uses this bit 
to determine when the transmitter is ready to accept a 
data character. 



COMMAND FORMAT 
I 7 | 6 | 5 | 4 | 3 | 2 | 1 | ol 

CONFIGURE COMMAND 

000ABCDPA — 1200 BAUD SELECT 
B — 600 BAUD SELECT 
C — 300 BAUD SELECT 
D— 110 BAUD SELECT 
P - PARALLEL I/O DIRECTION 

0- INPUT 

1- OUTPUT 

1 I/O COMMAND 

1 1 RESET ERROR COMMAND 



Figure 26. Combination I/O Command Format 



STATUS FORMAT 

I 1 1 « I ' I ; I » M j I o I 

L-OBF - DATA AVAILABLE 

1 IBF - BUSY 

1 F0 

1 F1 

' NOT USED 

' Tx INTERRUPT 

1 FRAMING ERROR 

1 OVERRUN ERROR 



F0 F1 OPERATION (IBF =: 1) 

NO OPERATION 

1 PARALLEL I/O DATA 

1 SERIAL I/O DATA 

1 1 COMMAND ERROR 



Figure 27. STATUS Register Format 



Bits 6 and 7 are receiver error flags. The framing error 
flag, bit 6, is set whenever a character is received with 
an invalid stop bit. Bit 7, overrun error, is set if a charac- 
ter is received before the master has read a previous 
character. If an overrun occurs, the previous character is 
overwritten and lost. Once an error occurs, the error flag 
remains set until reset by a RESET ERROR command. A 
set error flag does not inhibit receiver operation 
however. 

Figure 28 shows the port pin definition for this applica- 
tion. Port 1 is the parallel I/O port. The UART uses Port 2 
and the Test inputs. P20 is the transmitter data out pin. 
It is set for a mark and reset for a space. P23 is a trans- 
mitter interrupt output. This pin has the same timing as 
the TxINT bit in the STATUS register. It is normally used 
in interrupt-driven systems to interrupt the master proc- 
essor when the transmitter is ready to accept a new data 
character. 

The OBF flag is brought out on P24 as a master interrupt 
when data is available in DBBOUT. P26 is a diagnostic 
pin which pulses at four times the selected baud rate. 
(More about this pin later.) The receiver data input uses 
the TO input. One of the Port 2 pins could have been 
used, however, the software can test the TO in one in- 
struction without first reading a port. 

The T1 input is the baud rate external source. The UART 
divides this input to determine the timing needed for the 
selected baud rate. The input is a non-synchronous 76.8 
kHz source. 

Internally, when the CONFIGURE command is received 
and the selected baud rate is determined, the internal 
timer/counter is loaded with a baud rate constant and 
started in the event counter mode. Timer/counter inter- 
rupts are then enabled. The baud rate constant is 
selected to provide a counter interrupt at four times the 
desired baud rate. At each interrupt, both the transmit- 
ter and receiver are handled. Between interrupts, any 
new commands and data are recognized and executed. 



PORT PIN DEFINITION 



PORT 


BIT 


FUNCTION 


1 


0-7 


PARALLEL I/O 


2 





Tx DATA 




1 


NOT USED 




2 


NOT USED 




3 


Tx INTERRUPT 




4 


OBF INTERRUPT 




5 


NOT USED 




6 


NOT USED (TICK SAMPLE) 




7 


NOT USED 


TO 




Rx DATA 


T1 




EXTERNAL CLOCK (76.8 kHz) 



Figure 28. Combination I/O Port Definition 
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As a prelude to discussing the flow charts, Figure 29 
shows the register definition. Register Bank serves 
the UART receiver and parallel I/O while Register Bank 1 
handles the UART transmitter and commands. Looking 
at RBO first, R3 is the receiver status register, RxSTS. 
Reflected in the bits of this register is the current 
receiver status in sequential order. Figure 30 shows this 
bit definition. Bit is the Rx flag. It is set whenever a 
possible start bit is received. Bit 1 signifies that the 
start bit is good and character construction should 
begin with the next received bit. Bit 1 is the Good Start 
flag. Bit 2 is the Byte Finished flag. When all data bits of 
a character are received, this flag is set. When all the 
bits, data and stop bits are received, the assembled 
character is loaded into the holding register (R4 in 
Figure 29) bit 3, the Data Ready flag, is set. The fore- 
ground routine which looks for commands and data con- 
tinuously, looks at this bit to determine when the 
receiver has received a character. Bits 4 and 5 signify 
any error conditions for a particular character. 

The parallel I/O port software uses bits 6 and 7. Bit 6 
codes the I/O direction specified by the last CON- 
FIGURE command. Bit 7 is set whenever an I/O com- 
mand is received. The foreground routine tests this bit 
to determine when an I/O operation has been requested 
by the master. 

As was mentioned, R4 is the receiver holding register. 
Assembled characters are held in this register until the 
foreground routine finds DBBOUT free, at which time 
the data is transferred from R4 to DBBOUT. R5 is the 
receiver tick counter. Recall that counter interrupts oc- 
cur at four times the baud rate. Therefore, once a start 
bit is found, the receiver only needs to look at the data 
every four interrupts or tick counts. R5 holds the current 
tick count. 



RxSTS FORMAT 



63 
32 


USER RAM 
(NOT USED) 




31 


AC TEMP. STORE 


R7 


30 


COMMAND STORE 


R6 


29 


Tx STATUS-TxSTS 


R5 


28 


Tx BUFFER 


R4 


27 


Tx SERIALIZER 


R3 


26 


Tx TICK COUNTER 


R2 


25 


BAUD RATE CONSTANT 


Rl 


21 


NOT USED 


R0 


23 
■ 


STACK 
(ONE LEVEL USED) 




7 


STATUS STORE 


R7 


e 


Rx DESERIALIZER 


R6 


s 


Rx TICK COUNTER 


R5 


4 


Rx HOLDING 


R4 


3 


Rx STATUS-RxSTS 


R3 


2 


NOT USED 


R2 


1 


NOT USED 


R1 





NOT USED 


R0 



REGISTER 
BANK 1 



REGISTER 
BANK 



L 



Rx FLAG - POSSIBLE START BIT 
START FLAG - GOOD START BIT 
-BYTE FINISHED FLAG 
-DATA READY FLAG 
-FRAMING ERROR 
-OVERRUN ERROR 
-I/O DIRECTION 
-I/O FLAG 



Figure 30. RxSTS Register 



Figure 29. Combination I/O Register Map 



R6 is the receiver de-serializing register. Data char- 
acters are assembled in this register. R6 is preset to 80H 
when a good start bit is received. As each bit is sampled 
every four timer ticks, they are rotated into the leftmost 
bit of R6. The software knows the character assembly is 
complete when the original preset bit rotates into the 
carry. 

An image of the upper 4 bits of the STATUS register is 
stored in R7. These bits are the TxINT, Framing and 
Overrun bits. This image is needed since the UPI may 
load the upper 4 STATUS register bits from its accumu- 
lator; however, it cannot read STATUS directly. 

In Register Bank 1 (Figure 29), R1 holds the baud rate 
constant which is found from decoding the baud rate 
select bits of the CONFIGURE command. The counter is 
reloaded with this constant every timer tick. Like the 
receiver, the transmitter only needs to update the trans- 
mitter output every four ticks. R2 holds the transmitter 
tick count. The value of R2 determines which portion of 
the data is being transmitted; start bit, data bits, or stop 
bit. The transmit serializer is R3. R3 holds the data char- 
acter as each character bit is transmitted. 

R4 is the transmitter holding register. It provides the 
double buffering for the transmitter. While transmitting 
one character, it is possible to load the next character 
into R4 via DBBIN. The TxINT bit in STATUS and pin on 
Port 2 reflect the "fullness" of R4. If the holding register 
is empty, the interrupt bit and pin are set. They are reset 
when the master writes a new data byte for the trans- 
mitter into DBBIN. The transmitter Status register (Tx- 
STS) is R5. Like RxSTS, TxSTS contains flag bits which 
indicate the current state of the transmitter. This flag bit 
format is shown in Figure 31. 

TxSTS bit is the Tx flag. It is set whenever the trans- 
mitter is transmitting a character. It is set from the 
beginning of the start bit until the end of the stop bit. Bit 
1 is the Tx Request flag. This bit is set by the foreground 
routine when it transfers a new character from DBBIN to 
the Tx Holding register, R4. The transmitter software 
uses this flag to tell if new data is available. It is reset 
when the transmitter transfers the character from the 
holding register to the serializer. 

Bit 2 is the Pipelined Tx Data Bit. The transmitter uses a 
pipelining technique which sets up the next output level 
in bit 2 after processing the current timer tick. The out- 
put level is always changed at the same point after a 
timer tick interrupt. This technique ensures that no bit 
timing distortion results from different length process- 
ing paths through the receiver and transmitter routines. 
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TxSTS FORMAT 



nr 



Tx FLAG - TRANSMITTING 
-REQUEST FLAG 
-PIPELINED DATA BIT 
-START BIT FLAG 
-NOT USED 



Figure 31. TxSTS Register 



Bit 3 of TxSTS is the Start Bit flag. It is set by the 
transmitter when the start bit space is set up in the Pipe- 
lined Data Bit. This allows the transmitter to differen- 
tiate between the start bit and data bits on following 
timer ticks. 



The flow charts for this application are shown in Figures 
32A-F. At reset, the INIT routine is executed which in- 
itializes the registers and port pins. After initialization, 
IBF and OBF are tested in MNLOOP. These flags are 
tested continually in this loop. If IBF is set, F1 is tested 
for command or data and execution is transferred to the 
appropriate routine (CMD or DATA). If IBF = 0, OBF is 
checked. If OBF = (DBBOUT is free), the Rx Data Ready 
and I/O flags in RxSTS are tested. If Rx Data Ready is 
set, the received data is retrieved from the Rx Holding 
register and transferred to DBBOUT. Any error flags 
associated with that data are also transferred to 
STATUS. If the I/O flag is set and the I/O direction is in- 
put, Port 1 is read and the data transferred to DBBOUT. 
In either case, FO and F1 are set to indicate the data 
source. 

If IBF is set by a command write to DBBIN, CMD reads 
the command and decodes the desired operation. If an 




Figure 32A. INIT Flow Chart 
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Figure 32B. CMD Flow Chart 



I/O operation is specified, the I/O flag is set to indicate 
to the MNLOOP and DATA routines that an I/O operation 
is to be performed. If the command is a CONFIGURE 
command, the constant for the selected baud rate is 
loaded into both Baud Rate Constant register and the 
timer/counter. The timer/counter is started in the event 
counter mode and timer/counter interrupts are enabled. 
In addition, the I/O port is initialized to all 1's if the I/O 
direction bit specifies an input port. If the command is a 
RESET ERROR command, the two error flags in STATUS 
are cleared. 

If the IBF flag is set by a data write, the DATA routine 
reads DBBIN and places the data in the appropriate 
place. If the I/O flag is set, the data is for the output port 
so the port is loaded. If the I/O flag is reset, the data is 
for the UART transmitter. Data for the transmitter resets 
the TxINT bit and pin plus sets the Tx Request flag in 
TxSTS. The data is transferred to the Tx Holding 
register, R4. 

Once a CONFIGURE command is received and the 
counter started, timer/counter interrupts start occurring 
at four times the selected baud rate. These interrupts 
cause a vector to the TIMINT routine, Figure 32D. A 76.8 
kHz counter input provides a 13.02 jjs counter resolu- 
tion. Since it requires several UPI instruction cycles to 
reload the counter, the counter is set to two counts less 
than the desired baud rate and the counter is reloaded in 
TIMINT synchronous with the second low-going transi- 
tion after the interrupt. Once the counter is reloaded, an 
output port (P26) is toggled to give an external indica- 
tion of internal counter interval. This is a helpful diag- 



nostic feature. After the tick sample output, the pipe- 
lined transmitter data in TxSTS is output to the TxD pin. 
Although this occurs every timer tick, the pipelined data 
is changed only every fourth tick. 
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Figure 32C. Data Flow Chart 
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SAVE ACCUMULATOR 
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COUNTER GOES LOW 



LOAD COUNTER 

I 

I OUTPUT TICK SAMPLE | 




Figure 32D. TIMINT Flow Chart 



The receiver is now handled, Figure 32E. The RX flag in 
RxSTS is examined to see if the receiver is currently in 
the process of receiving a character. If it is not, the RxD 
input is tested for a space condition which might in- 
dicate a possible start bit. If the input is a mark, no start 
bit is possible and execution branches to the transmit- 
ter flow, XMIT. If the input is a space, the Rx flag is set 
before proceeding with XMIT. 

If the Rx flag is found set when entering RCV, the 
receiver is in the process of receiving a character. If so, 
the Start Bit flag is then tested to determine if a good 
start bit so the Start Bit flag is set, the Rx Tick Counter 
is initialized to four, and the Rx De-serializer initialized 
to 80H. A mark indicates a bad start bit so the Rx flag is 
reset to abort the reception. 

start bit so the Start Bit flag is set, the Rx tick counter is 
initialized to four, and the Rx deserializer initialized to 
80H. A mark indicates a bad start bit so the Rx flag is 
reset to abort the reception. 

If the Start Bit flag is set, the program is somewhere in 
the middle of the received character. Since the data 
should be sampled every fourth timer tick, the Tick 
Counter is decremented and tested for zero. If non-zero 
no sample is needed and execution continues with 



RESET Rx FLAG 



RESET OTHER FLAGS 




Figure 32E. RCV Flow Chart 
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XMIT. If zero, the tick counter is reset to four. Now the 
Byte Finished flag is tested to determine if the data 
sample is a data or stop bit. If reset, the sample is a data 
bit. The sample is done and the new bit rotated into the 
Rx deserializer. If this rotate sets the carry, that data bit 
was the last so the Byte Finished flag is set. If the carry 
is reset, the data bit is not the last so execution simply 
continues with XMIT. 

Had the Byte Finished flag been set, this sample is for 
the stop bit. The RxD input is tested and if a space, the 
Framing Error flag is set. Otherwise, it is reset. Next, the 
Rx Data Ready flag is tested. If it is set, the master has 
not read the previous character so the Overrun Error flag 
is set. Then the Rx Data Ready flag is set and the re- 
ceived data character is transferred into the Rx Holding 
register. The Rx, Start Bit, and Byte Finished flags are 
reset to get ready for the next character. 



Execution of the transmitter routine, XMIT, follows the 
receiver, Figure 32F. The transmitter starts by checking 
the Start Bit flag in TxSTS. Recall that the actual trans- 
mit data is output at the beginning of the timer routine. 
The Start Bit flag indicates whether the current timer 
tick interrupt started the start bit. If it is set, the pipe- 
lined data output earlier in the routine was the start of 
the start bit so the flag is reset and the Tx tick counter is 
initialized. Nothing else is done this timer tick so the 
routine returns to the foreground. 

If the Start Bit flag is reset, the Tx tick counter is incre- 
mented and tested. The test is performed module 4. If 
the counter mod 4 is not zero, it has not been four ticks 
since the transmitter was handled last so the routine 
simply returns. If the counter mod 4 is zero, it is time to 
handle the transmitter and the Tx flag is tested. 




Figure 32F. XMIT Flow Chart 
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The Tx flag indicates whether the transmitter is active. If 
the transmitter is inactive, no character is currently 
being transmitted so the Tx Request flag is tested to 
see if a new character is waiting in the Tx buffer. If no 
character is waiting (Tx Request Flag = 0), the Tx inter- 
rupt pin and bit are set before returning to the fore- 
ground. If there is a character waiting, it is retrieved 
from the buffer and placed in the Tx serializer. The Tx 
Request flag is reset while the Tx and Start Bit flags are 
set. A space is placed in the Tx Pipelined Data bit so a 
start bit will be output on the next tick. Since the Tx buf- 
fer is now empty, the Tx interrupt bit and pin are set to 
indicate the availability of the buffer to the master. The 
routine then returns to the foreground. 

If the tick counter mod 4 is zero and the Tx flag indicates 
the transmitter is in the middle of a character, the tick 
counter is checked to see what transmitter operation is 
needed. If the counter is 28H (40D), all data bits plus the 
stop bits are complete. The character is therefore done 
and the Tx flag is reset. If the counter is 24H (36D), the 
data bits are complete and the next output should be a 
mark for the stop bit so a mark is loaded into the Tx 
Pipelined Data bit. 

If neither of the above conditions are met for the 
counter, the transmitter is some place in the data field, 
so the next data bit is rotated out of theTx serializer into 
the Pipelined Data bit. The next tick outputs this bit. 

At this point the program execution is returned to the 
foreground. 

That completes the discussion of the combination I/O 
device flow charts. The UPI software listing is shown in 
Appendix C1 . Appendix C2 is example 8085A driver soft- 
ware. 

Several observations conce/ning the drivers are appro- 
priate. Notice that since the receiver and input port of 
the UPI use the OBF flag and interrupt output, the inter- 
rupt and flag are cleared when the master reads 
DBBOUT. This is not true for the transmitter. There is 
always some time after a master write of new transmit- 
ter data before the transmitter interrupt bit and pin are 
cleared. Thus in an interrupt-driven system, edge- 
sensitive interrupts should be used. For polled-systems, 
the software must wait after writing new data for IBF = 
before re-examining the Tx Interrupt flag in STATUS. 

Notice that this application uses none of the user Data 
Memory above Register Bank 1 and only 361 bytes of 
Program Memory. This leaves the door open for many 
improvements. Improvements that come to mind are in- 
creased buffering of the transmit or received data, 
modem control pins, and parallel port handshaking in- 
puts. 

This completes our discussion of specific UPI applica- 
tions. Before concluding, let's look briefly at two debug 
techniques used during the development of these ap- 
plications that you might find useful in your own 
designs. 

DEBUG TECHNIQUES 

Since the UPI is essentially a single-chip microcom- 
puter, the classical data, address, and control buses are 



not available to the outside world during normal opera- 
tion. This fact normally makes debugging a UPI design 
difficult; however, certain "tricks" can be included in 
the UPI software to ease this task. 

If a UPI is handling multiple tasks, it is usually easier to 
code and debug each task individually. This is fairly 
standard procedure. Since each task usually utilizes 
only a subset of the total number of I/O pins, coding only 
one task leaves some I/O pins free. Port output instruc- 
tions can then be added in the task code being 
debugged which toggle these unused pins to determine 
which section of task code is being executed at any par- 
ticular time. The task can also be made to "wait" at var- 
ious points by using an extra pin as an input and adding 
code to loop until a particular input condition is met. 

One example of using an extra pin as an output is 
included in the combination serial/parallel device code. 
During initial development the receiver was not receiv- 
ing characters correctly. Since this could be caused by 
incorrect sampling, three lines of code were added to 
toggle bit 6 of Port 2 at each tick of the sample clock. 
This code is at lines 184 and 185 of the listing. Thus by 
looking at the location of the tick sample pulse with 
respect to the received bit, the UPI sampling interval can 
be observed. The tick sample time was incorrect and the 
code was modified accordingly. Similar techniques 
could be applied at other locations in the program. 

The EPROM version of the UPI (8741A) also contains 
another feature to aid in debug: the capability to single 
step thru a program. The user may step thru the program 
instruction-by-instruction. The address of the next in- 
struction to be fetched is available on Port 1 and the 
lower 2 bits of Port 2. Figure 33 shows the timing used 
in_the discussion below. When the Single Step input, 
SS, is brought low, the internal processor responds by 
stopping during the fetch portion of the next instruc- 
tion. This action is acknowledged by the processor rais- 
ing the SYNC output. The address of the instruction to 
be fetched is then placed on the port pins. This state 
may be held indefinitely. To step to the next instruction, 
SS is raised high, which_causes SYNC to go low, which 
is then used to return SS low. This allows the processor 
to advance to the next instruction. If SS is left high, the 
processor continues to execute at normal speed until 
SS goes low. 




ACTIVE - 

—EXECUTING —4" STOPPED ACTIVE— 

I INSTRUCTION | 



Figure 33. Single Step Timing 
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tne UPI executes normally. When switched to STOP, the 
preset is removed and the next low-going transition of 
SYNC causes the 7474 to clear, lowering SS. While 
SYNC is low, the port data is valid and the current 
instruction is executing. Low SYNC is also used to ena- 
ble the tri-state buffers when the ports are used as 
inputs. When execution is complete, SYNC goes high. 
This transition latches the valid port data in the 
74LS374s. SYNC going high also signifies that the 
address of the next instruction will appear on the port 
pins. This state can be held indefinitely with the address 
data displayed on the LEDs. 

When the S2 is depressed, the 7474 is set which causes 
SS to go high. This allows the processor to fetch and 
execute the instruction whose address was displayed. 
SYNC going low during execution, clears the 7474 low- 
ering SS. Thus the processor again stops when exe- 
cution is complete and the next fetch is started. 

All UPI functions continue to operate while single step- 
ping (the processor is actuallly executing NOPs inter- 
nally while stopped). Both IBF and timer/counter inter- 
rupts can be serviced. The only change is that the inter- 
val timer is prescaled on single stepped instructions 
and, of course, will not indicate the correct intervals in 
real time. The total number of instructions which would 
have been executed during a given interval is the same 
however. 



i ■ - — — -f* 'wyjjiii iy »v w>v 

mine when to run and stop. If you would like to step thru 
a particular section of code, an extra port pin could 
replace switch S1. Extra instructions would then be 
added to lower the port when entering the code section 
and raise the port when exiting the section. The program 
would then stop when that section of code is reached 
allowing it to be stepped through. At the end of the sec- 
tion, the program would execute at normal speed. 

CONCLUSION 

Well, that's it. Machine readable (floppy disk or paper 
tape) source listings of UPI software for these applica- 
tions are available in Insite, the Intel library of user- 
donated programs. Also available in Insite are the 
source listings for some of Intel's pre-programmed UPI 
products. These products are: 

• 8278 Keyboard Display Controller 

• 8295 Dot Matrix Printer Controller. 

Other pre-programmed UPls are the 8294 Data Encryp- 
tion Unit and the 8292 GPIB (IEEE-488) Controller. 

For information about Insite, write to: 

Insite 

Intel Corp. 

3065 Bowers Ave. 

Santa Clara, Ca 95051 



74LS374 
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Figure 34. Single Step External Circuitry 
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APPENDIX A1 



ISIS-II HCS-4SVUPI-41 MACRO ASSEMBLER/ V2. 9 



LOC OBJ 



SEQ 



SOURCE STATEMENT 



* UPI-41 8-OIGIT LED DISPLAV CONTROLLER * 



THIS PROGRAM USES THE UPI-41 AS A LED DISPLAY CONTROLLER 
HHICH SCANS AND REFRESHES EIGHT SEVEN-SEGMENT LED DISPLAYS. 
THE CHARACTERS ARE DEFINED BY INPUT FROM A MASTER CPU IN THE 
FORM OF ONE EIGHT BIT WORD PER DIGIT-CHARACTER SELECTION. 



16 


REGISTER DEFINITIONS: 






17 


: REGISTER 


RBI 


RB8 


13 








19 


i RO 


DISPLAY MAP POINTER 


NOT USED 


28 


Rl 


NOT USED 


NOT USED 


21 


R2 


DATA WORD AND CHARACTER STORAGE NOT USED 


22 


i R3 


DIGIT COUNTER 


NOT USED 


23 


R4 


NOT USED 


NOT USED 


24 


R5 


NOT USED 


NOT USED 


25 


US 


NOT USED 


NOT USED 


26 


R7 


ACCUMULATOR STORAGE 


NOT USED 



27 
28 
29 
20 
21 
22 
33 

34 $EJECT 



PORT PIN DEFINITIONS. 

PIN PORT 1 FUNCTION 



PORT 2 FUNCTION 



PB-7 



SEGMENT DRIVER CONTROL DIGIT DRIVER CONTROL 
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APPENDIX A1 (Continued) 



LOC OBJ SEQ SOURCE STATEMENT 







36 ; DISPLAY DATA WORD BIT DEFINITION: 






37 ; BIT 






FUNCTION 






38 i — 
















39 ; 8-4 






CHARACTER SELECT 




48 ; 5-7 






DIGIT SELECT 






41 i 
















42 i CHARACTER SELECT: 














43 ; 


D4 


D3 


D2 


Dl 


D8 


>HRHCTER 




44 ; 


8 


A 
V 


8 








8 




AC 

45 ; 





a 







8 


1 


1 




46 ; 


8 


a 





1 


8 






47 ; 





a 

V 





1 


4 
1 


i 




AO . 

48 ; 


A 

8 


a 


1 


8 


ft 

8 


J 
f 




in . 

49 * 


a 



a 

V 


1 





1 


D 




58 ; 


a 
8 


a 

V 


1 


1 


8 


c 






51 i 


a 
8 


a 




1 


1 


1 


7 

r 




52 


8 


1 








8 


o 





53 i 





1 








1 


9 




54 ; 





i 


8 


1 





fl 




ire . 

DO .» 





1 


8 


1 


1 


6 




Do ■ 


a 


1 


1 





8 


C 




Of * 


a 




1 


1 





1 


r\ 
V 




Do r 


a 


1 


4 
1 


4 
1 


8 


t 




D? > 


a 


4 
1 


j 
1 


1 


1 


r 

r 




OO * 




a 
o 








a 











A 

o 


a 
O 


a 


4 
1 







Ot | 




o 


a 
o 


4 
1 


a 

V 


U 

n 




Oj » 




a 
<o 


a 


1 


4 
1 


T 
1 




Of r 




a 




X 


a 



a 
a 


I 




CZ. ■ 
OJ ; 




a 
o 


A 
1 




4 
1 


1 

L 




00 j 




a 


J 
1 


1 


a 


(1 




Of ^ 


* 


a 




J 

1 


1 


1 


n 
u 




68 i 




J 


a 

y 





8 


p 




OJ t 






8 


8 


1 


R 




7Q . 
(<Q t 




7 
J 




V 


1 


8 


T 




rl i 




* 


a 


1 


1 


U 




70 ■ 
id. t 






l 


8 


8 


V 




71 l 


J 


* 


4 
1 


8 


1 






74 ; 






4 
1 


1 


8 






75 i 






1 


1 


1 


"BLANK" 




76 
















77 ; 
















78 i DIGIT SELECT: 
















79 ; 


D7 


D6 


D5 


DIGIT NUMBER 




88 i 





8 







1 






81 i 


8 


8 


1 




2 






82 ; 


8 


1 


8 




3 






83 ; 


8 


1 


1 




4 






84 i 


1 


8 


8 




5 






85 ; 


1 


8 


1 




6 






86 i 


1 


1 


8 




7 






87 ; 


1 


1 


1 




8 






89 IEJECT 
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APPENDIX A1 (Continued) 



IOC OBJ 



SEQ 



SOURCE STATEfENT 



FFF1 



wot 

am 8489 

8882 88 

8883 8438 
8885 88 

none qq 

OWO TO 

8887 84iF 



881D 8410 



99 j .m^m^***^***^*^^ 

91 i EQUATES 

92 i THE FOLLOWING CODE DESIGNATES "TIME" AS A VARIABLE. THIS 

93 ; ADJUSTS THE AMOUNT OF CYCLES THE TIMER COUNTS BEFORE 

94 ;A TIMER INTERRUPT OCCURS AND REFRESHES THE DISPLAY. APPROXIMATELY 

95 ;58 TIMES PER SECOND. 

96 TIME EQU -8FH ; TIMER VALUE 2. 5MSEC 

INTERRUPT BRANCHING 
THIS PORTION OF MEMORY IS DEDICATED FOR USE OF RESET AND 
INTERRUPT BRANCHING. WHEN THE INTERRUPTS ARE ENABLED THE 
CODE AT THE FOLLOWING DESIGNATED SPOTS ARE EXECUTED WHEN A 
RESET OR A INTERRUPT OCCURS. 



98 
99 
188 

iei 

182 

ie3 

184 
185 
186 
187 
188 
189 
118 

111 i INITIALIZATION 

112 ;THE FOLLOWING CODE SETS UP THE UP I -41 AND DISPLAY HARDWARE 

113 i INTO OPERATIONAL FORMAT. THE DISPLAY IS TURNED OFF, THE DISPLAY 



ORG 


8 




JMP 


START 


.■RESET 


NOP 




* 


JMP 


INPUT 


i IBF INTERRUPT 


NOP 




i 


NOP 




i 


JMP 


DISPLA 


i TIMER INTERRUPT 



114 ;MAP IS FILLED WITH "BLANK* 

115 ; INTERRUPTS ARE ENABLED. 

116 i 



CHARACTERS, THE TIMER SET AND THE 



8889 D5 


117 START: 


SEL 


RBI 




888A 8A88 


118 


ORL 


P2,*B8H 


iTURN DIGIT DRIVERS OFF 


888C B838 


119 


HOY 


R8,t38H 


; DISPLAY MAP POINTER, BOTTOM OF DISPLAY MAP 


888E 23FF 


128 BLKMAP: 


MOV 


a#8FFH 


i FF="BLANK" 


8818 A8 


121 


MOV 


«»,H 


i BLANK TO DISPLAY MAP 


8811 18 


122 


INC 


R8 


; INCREMENT DISPLAY MAP POINTER 


8812 F8 


123 


MOV 


A,R8 


; DISPLAY MAP POINTER TO ACCUMULATOR 


8813 B28E 


124 


JB5 


BLKMAP 


, BLANK DISPLAY MAP TILL FILLED 


8615 BB88 


125 


MOV 


RJt #88H 


iSET DIGIT COUNTER TO 8 


8817 23F1 


126 


MOV 


A, #TIME 


; TIMER VALUE 


8819 62 


127 


MOV 


T,H 


;LOAD TIMER 


881A 55 


128 


STRT 


T 


; START TIMER 


8016 25 


129 


EN 


TCNTI 


i ENABLE TIMER INTERRUPT 


881C 85 


138 


EN 


I 


; ENABLE IBF INTERRUPT 



131 i*** ****** * * * *** ******************** ^ 

132 ; USER PROGRAM 

133 ;A USERS PROGRAM WOULD INI1IALIZE AT THIS POINT. THE FOLLOWING 

134 iCODE IS USED TO TAKE THE PLACE OF A POSSIBLE USER PROGRAM. 

135 i 

136 i 

137 LOOP: JMP LOOP iWAIT FOR INTERRUPT 
139 IEJECT 
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APPENDIX A1 (Continued) 



LOC OBJ SEQ SOURCE STATEMENT 

141 ; DISPLAY ROUTINE 

142 i THIS PORTION OF THIS PROGRAM IS AN INTERRUPT ROUTINE HHICH IS 

143 i ACTED UPON WHEN THE TIMER COUNT IS COMPLETED. THE ROUTINE UPDATES 

144 i ONE DISPLAY DIGIT FROM THE DISPLAY MAP PER INTERRUPT SEQUENTIALLY, 

145 ; THUS EIGHT TIMER INTERRUPTS HILL HAVE REFRESHED THE ENTIRE DISPLAY. 

146 i REGISTER BANK 1 IS SELECTED AND THE ACCUMULATOR IS SAVED UPON 

147 > ENTERING THE ROUTINE. ONCE THE DISPLAY HAS BEEN REFRESHED THE TIMER 

148 i IS RESET AND THE ACCUMULATOR AND PRE- INTERRUPT REGISTER BANK IS RESTORED. 

149 ; 



eeiF 


D5 


158 DISPLA: 


sel 


RBI 


REGISTER BANK 1 


8628 


AF 


151 


MOV 


R7,A 


SAVE ACCUMULATOR 


8821 


8A88 


152 


ORL 


P2,#88H 


TURN DIGIT DRIVERS OFF 


8823 


FB 


153 


MOV 


A>R3 


DIGIT COUNTER TO ACCUHJLATOR 


8824 


4338 


154 


ORL 


A,#38H 


"OR" TO GET DISPLAY MAP ADDRESS 


8826 


A8 


155 


MOV 


R8,A 


DISPLAY MAP POINTER 


8827 


F8 


156 


MOV 


A,8R8 


GET CHARACTER FROM DISPLAY MAP 


8828 


39 


157 


OUTL 


PI, A 


OUTPUT CHARACTER TO SEGMENT DRIVERS 


8829 


FB 


158 


MOV 


A.R3 


DIGIT COUNTER VALUE TO ACCUMULATOR 


882A 


3A 


159 


OUTL 


P2,A 


OUTPUT TO DIGIT DRIVERS 


882B 


IB 


168 


INC 


R3 


INCREMENT DIGIT COUNTER 


882C 


D387 


161 


XRL 


d#87H 


CHECK IF AT LAST DIGIT 


882E 


9632 


162 


JNZ 


SETIME 


RESET TIMER IN NOT LAST DIGIT 


8838 


am 


163 


MOV 




RESET DIGIT COUNTER 


8832 


23F1 


164 SETIME: 


MOV 


A, tTIME 


TIMER VALUE 


8834 


62 


165 


MOV 


LA 


LOAD TIMER 


8835 


55 


166 


STRT 


T 


START TIMER 


8836 


FF 


167 


MOV 


A,R7 


RESTORE ACCUMULATOR 


8837 


93 


168 

169 i ****** 


RETR 




RETURN 
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APPENDIX A1 (Continued) 



LOC OBJ SEQ SOURCE STATEMENT 

171 i 

173 i INPUT CHARACTER AND DIGIT ROUTINE 

174 ; THIS PORTION OF THE PROGRAM IS AN INTERRUPT ROUTINE WICK 

175 i IS ACTED UPON WHEN THE IBF BIT IS SET. THE ROUTINE GETS THE 

176 ; DISPLAY DATA WORD FROM THE DBB AND DEFINES BOIH THE DIGIT AND 

177 /THE CHARACTER TO BE DISPLAYED THIS IS DONE BY MEANS OF A 

178 ; CHARACTER LOOP-UP TABLE AND A DISPLAY MAP FOR DIGIT AND CHARACTER 

179 ; LOCATION. SPECIAL CONSIDERATION IS TAKEN FOR A DECIMAL POINT HHICH IS 
189 ; SIMPLY ADDED TO THE EXISTING CHARACTER IN THE DISPLAY MAP REGISTER 

181 ; BANK 1 IS SELECTED AND THE ACCUMULATOR IS SAVED UPON ENTERING 

182 ; THE ROUTINE. ONCE THE DATA WORD HAS BEEN FULLY DEFINED THE ACCUMULATOR 

183 ; AND THE PRE-INTERRUPT REGISTER BANK IS RESTORED. 

184 ; 



8838 


D5 


185 


INPUT: 


SEL 


RBI 


REGISTER BANK 1 


8839 


AF 


186 




MOV 


R7,A 


SAVE ACCUMULATOR 


883A 


22 


187 




IN 


A, 068 


GET DATA 


8838 


AA 


188 




MOV 


R2,A 


SAVE DATA WORD 


883C 


47 


189 




SWAP 


A 


DEFINE DIGIT LOCATION 


883D 


77 


198 




RR 


A 




883E 


5387 


191 




ANL 


A,#e7H 




TOW 


4338 


192 




ORL 


A,#38H 




8842 


A8 


193 




MOV 


R8,A 


DIGIT LOCATION IN DIGIT POINTER 


8843 


FA 


194 




MOV 


A,R2 


SAVED DATA WORD TO ACCUMULATOR 


OOAA 

W*T*t 


531F 


195 




ANL 


A,#1FH 


DEFINE CHARACTER LOOK-UP-TABLE LOC. 




E3 


196 




M0VP3 


A,8A 


GET CHARACTER 


8847 


AA 


197 




MOV 


R2,A 


SAVE CHARACTER 


8848 


D37F 


198 




XRL 


A,#7FH 


IS CHARACTER DECIMAL POINT 


884A 


C658 


199 




JZ 


DPOINT 




884C 


FA 


288 




MOV 


A,R2 


SAVED CHARACTER TO ACCUMULATOR 


8840 


A8 


281 




MOV 


8R8.A 


CHARACTER TO DISPLAY MAP 


884E 


8453 


282 




JMP 


RETURN 




8858 


FA 


283 


DPOINT: 


MOV 


A,R2 


SAVED CHARACTER TO ACCUMULATOR 


8851 


58 


284 




ANL 


H.8R8 


"AND" WITH OLD CHARACTER 


8852 


A8 


285 




MOV 


?R9> fi 


BACK TO DISPLAY MAP 


8853 


FF 


286 


RETURN: 


MOV 


A,R7 


RESTORE ACCUMULATOR 


8854 


93 


287 
288 




RETR 










289 


t ****** 
*EJECT 
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APPENDIX A1 (Continued) 



LOC OBJ 



SEQ 



SOURCE STATEMENT 



218 j **^**^*+******^***************M*****^******^******>Mi***:»******* 

211 i LOOK-UP TABLE 

212 ; THIS LOOK-UP TABLE ORIGINATES IN PAGE 3 OF THE UPI-41 PROGRAM 

213 ; MEMORY IT IS USED TO DEFINE THE CORRECT LEVEL OF EACH SEGMENT 

214 ; AND DECIMAL POINT FOR A SELECTED CHARACTER FROM THE INPUT ROUTINE. 

215 i INVERSE LOGIC IS USED BECAUSE OF THE SPECIFIC DRIVER CIRCUITRY, THUS 

216 ;fl 1 ON A GIVEN SEGMENT MEANS IT IS OFF AND A 8 MEANS IT IS ON 





217 i 






















218 






*#*t*** c 1 E(j| , £NT^** ****** 


8388 


219 


ORG 


388H 


OP 


G 


F 


E 


D 


C 


B A 


8388 C8 


220 CH0 


DB 


0C8H 


1 


1 














8 


8381 F9 


221 CHI 


DB 


8F9H 


1 


1 


1 


1 


1 


8 


8 1 


8382 A4 


222 CH2 


DB 


8A4H 


1 





1 








1 


8 8 


8383 B8 


223 CH3 


DB 


8B8H 


1 





1 


1 








8 


8384 99 


224 CH4 


DB 


99H 


1 


8 





1 


1 





8 1 


8385 92 


225 CH5 


DB 


92H 


1 


8 





1 








1 8 


8386 82 


226 CH6 


DB 


82H 


1 











8 





1 8 


8387 F8 


227 CH7 


DB 


8F8H 


1 


1 


1 


i 


1 





8 8 


8388 88 


228 CH8 


DB 


88H 


1 














8 


8 8 


8389 98 


229 CH9 


DB 


98H i% 








1 


1 





8 


838A 88 


238 CHH 


DB 


88H 


1 











1 





8 


838B 83 


231 CHB 


DB 


83H 


i 





8 


8 


8 





1 1 


838C C6 


232 CHC 


DB 


8C6H 


1 


1 











1 


1 8 


838D Al 


233 CHD 


DB 


8A1H 


1 





1 











8 1 


838E 86 


234 CHE 


DB 


86H 


1 














1 


1 8 


838F 8E 


235 CHF 


DB 


8EH 


1 











1 


1 


1 8 


8318 7F 


236 CHDP: DB 


7FH 


8 


1 


1 


1 


1 


1 


1 1 


8311 C2 


237 CHG 


DB 


8C2H 


1 


1 














1 8 


8312 89 


238 CHH 


DB 


89H 


1 


8 








1 





8 1 


0313 FB 


239 CHI 


DB 


BFBH 


1 


1 


1 


1 


1 





1 1 


8314 El 


248 CHJ 


DB 


8E1H 


1 


1 


1 





B 





8 1 


8315 C7 


241 CHL 


DB 


0C7H 


1 


1 


8 


8 





1 


1 1 


8316 HB 


242 CHN 


DB 


8ABH 


1 





1 





1 





1 1 


8317 A3 


243 CHO 


DB 


8A3H 


1 





1 











1 1 


8318 8C 


244 CHP 


DB 


8CH 


1 








8 


1 


1 


8 8 


8319 AF 


245 CHR 


DB 


0AFH 


1 





1 


8 


1 


1 


1 1 


831A 87 


246 CHT 


DB 


87H 


1 


8 











1 


1 1 


831B CI 


247 CHJ 


DB 


0C1H 


1 


1 





8 








8 1 


831C 91 


248 CHY 


DB 


91H 


1 








1 





8 


1 


031D BF 


249 CHDASH: D8 


8BFH 


1 





1 


1 


1 


1 


1 1 


031E FD 


258 CHAPOS: DB 


8FDH 


1 


1 


1 


1 


1 


1 


1 


031F FF 


251 BLANK: DB 


8FFH 


1 


1 


1 


1 


1 


1 


1 1 




253 


END 



















USER SYMBOLS 


























BLANK 831F 


BLKMHP 888E 


CH0 


8388 


cm 


8301 


CH2 


8382 


CH3 8383 


CH4 


0304 


CHS 


0385 


CH6 8386 


CH7 8387 


CH8 


8388 


CH9 


0389 


CHA 


838A 


CHAPOS 831E 


CHB 


0386 


CHC 


038C 


CHD 038D 


CHDASH 031D 


CHDP 


8318 


CHE 


838E 


CHF 


839F 


CHG 8311 


CHH 


0312 


CHI 


8313 


CHJ 0314 


CHL 0315 


CHN 


8316 


CHO 


8317 


CHP 


8318 


CHR 8319 


Off 


031A 


CHU 


831B 


CHY 831C 


DISPLA 801F 


DPOINT 


8858 


INPUT 


8038 


LOOP 


081D 


RETURN 8853 


SETIME 8832 


START 


0889 


TIME FFF1 



























ASSEMBLY COMPLETE, NO ERRORS 
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APPENDIX A2 



1 nr fie t 
LUC Ub-J 


SEy 


SOURCE STATEMENT 






1 ; 

2 ; 8685A SUBROUTINE TO DISPLAY THE 


8-DIGIT BUFFER STARTING 




3 ; AT THE LOCATION POINTED ftT BV MSGSRT ON THE UP I -CONTROLLED 




4 ;LED DISPLflV. 

5 ; 








6 ; INPUTS: MSGSRT 


- MESSftGE START LOCATION POINTER 




7 ; DESTROYS: ft, F/F'S 






8 ;CftLLS: OUTCHR 

a • 






TOW 


? i 

18 


ORG 






oca 
OTtD 


11 STfiTUS 


EQU 


0E5H ; UPI STATUS PORT 


VOT4 


12 IBF 


EQU 


02H ;UP1 IBF FLflG MASK 


88E4 


13 DB8IN 


EQU 


8E4H ;UPI DBB1N PORT 




14 ; 










15 DSPLftY 


PUSH 


H , 


SAVE HL 




16 


PUSH 


B 


SAVE BC 


wot tn^y^y 


17 


LHLD 


MSQSRT 


LOAD HL WITH MESSftGE STRRT RDR 


TOM TOOT 


18 


HVI 


B,88H 


INITIALIZE DIGIT COUNTER 


4OTY ft 


19 SI. 


MOV 


ft, PI 


GET CHR ROM BUFFER 


A CtQO CCA C 

4 too coir 


28 


flNI 


1FH 


HflKE IT 5 BUS 


HOWl Of 


21 


ftDD 


B 


ADD IN DIGIT COUNTER 


408B 4F 


22 


MOV 


Cfl 


SAVE TOTAL IN C 


488C CD1D48 


23 


CflLL 


OUTCHR 


OUTPUT CHR PLUS LOCATION TO UPI 


4WH" ftf 


24 


HOV 


ft,B 


GET DIGIT COUNTER 


4810 C628 


25 


ftDI 


28H 


INC FOR NEXT DIGIT 


4812 DfllA48 


26 


JC 


EXIT 


DONE IF CftRRV SET 


4815 47 


27 


HOV 


B, A 


RESTORE DIGIT COUNTER 


4816 23 


28 


I NX 


H 


INC MESSAGE POINTER 


4817 C38740 


29 


JNP 


SI 


GO GET NEXT CHR 


401H LI 


38 i 

31 EXIT: 


POP 


B 


RESTORE BC 


481B tl 


32 


POP 


H 


RESTORE HL 


481C C9 


33 


RET 




RETURN 




34 i 










35 ; SUBROUTINE TO OUTPUT CHR TO UPI 






36 ; 








4011) OBtO 


37 OUTCHR 


IN 


STATUS 


REfiD UPI STATUS 


401r houi. 


38 


AN I 


IBF 


LOOK AT IBF 


4821 C21D48 


39 


JNZ 


OUTCHR 


WAIT UNTIL IBF=8 


4824 79 


48 


MOV 


R,C 


GET CHR 


4825 D3E4 


41 


OUT 


DBBIN 


OUTPUT CHR TO UPI DBBIN 


4827 C9 


42 


RET 




RETURN 


8882 


43 ; 

44 HSGSRT 

45 ; 


DS 


82H 


LOCATION OF HESSAGE START POINTER 




46 END 









All mnemonics copyrighted © Intel Corporation 1976. 



9-35 



Appendix B1 



9-36 



APPENDIX B1 



ISIS-II HCS-48AJPI-41 MACRO ASSEMBLER, V2 . 8 



LOC OBJ SEQ SOURCE STATEMENT 

2 i * UPI-41A SENSOR MATRIX CONTROLLER * 

4 l 

5 ; THIS PROGRAM USES THE UPI-41A AS A SENSOR MATRIX CONTROLLER. 

6 ; IT HAS MONITORING CAPABILITIES OF UP TO 128 SENSORS. I HE COORDINATE 

7 i AND SENSOR STATUS OF EACH DETECTED CHANGE IS AVAILABLE TO THE MASTER 

8 i MICROPROCESSOR IN A SINGLE BVTE. A 48X8 FIFO QUEUE IS PROVIDED FOR 

9 ;DATA BUFFERING. BOTH HARDWARE OR POLLED INTERRUPT METHODS CAN BE USED 



18 


TO NOTIFY THE MASTER OF A DETECTED SENSOR CHANGE. 


11 
12 






















13 












14 


REGISTER DEFINITIONS: 






15 




REGISTER 


RBQ 


RBI 


16 










— 


17 




R8 


MATRIX MAP POINTER 


NOT USED 


18 




Rl 


FIFO POINTER 


nut uxi/ 


19 




R2 


SCAN RON SELECT 


NOT USED 


28 




R3 


COLUMN COUNTER 


NOT USED 


21 




R4 


FIFO-IN 




NOT USED 


22 




R5 


FIFO-OUT 




NOT USED 


23 




R6 


CHANGE WORD 


NOT USED 


24 




R7 


COMPARE 




NOT USED 


25 












26 
27 






















28 


PORT PIN DEFINITIONS 








29 












38 


PIN 


PORT 1 FUNCTION 


PIN 


PORT 2 FUNCTION 


31 






















32 


P8-7 


COLUMN LINE INPUTS 


P8-3 


RON SELECT OUTPUTS 


33 








P4 


FIFO NOT EMPTV INTERRUPT 


34 








P5 


OBF INTERRUPT 


35 








P6-7 


NOT USED 


36 












37 
38 






















39 *EJECT 
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APPENDIX B1 (Continued) 

43 i 



44 


BIT 


FUNCTION 


45 


— 




46 


D8-6 


SENSOR COORDINATE 


47 


D7 


SENSOR STATUS 


48 






49 








************************************ 


56 






51 


STATUS REGISTER BIT DEFINITION: 




52 






52 


8IT 


FUNCTION 


54 







55 


D8 


uor 


56 


Dl-3 


IBF, Ffc Fl (NOT USED) 


57 


D4 


FIFO NOT EMPTY 


58 


D5-7 


USED DEFINED (NOl USED) 


59 
68 
61 










62 


EQUATES 




63 






64 


THE FOLLOWING CODE DESIGNATES THREE VARIABLES; SCANTM, FIFOBA 


65 


AND FIFOTH. SCANTM ADJUSTS THE LENGTH OF A DELAV BETWEEN 


66 


SCANNING SWITCH. THIS SIMULATES DEBOUNCE FUNCTIONS. FIFOBA 


67 


IS THE BOTTOM ADDRESS OF THE FIFO. 


FIFOTA IS THE TOP ADDRESS 


68 


OF THE FIFO. THIS MAKES IT POSSIBLE TO HAVE A FIFO 3 TO 48 


69 


BVTES IN LENGTH. 




78 
71 







72 ; 

mf 73 SCANTM EQU 8FH ; SCAN TIME ADJUST 

8808 74 FIFOBA EQU 88H ; FIFO BOTTOM ADDRESS 

802F 75 FIFOTA EQU 2FH ;FIF0 TOP ADDRESS 

76 f 

77 $EJECT 
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APPENDIX B1 (Continued) 



LOC OBJ 



SEQ 



SOURCE STATEMENT 



78 
79 
88 
81 
82 
83 
84 
85 
86 
87 
88 
89 
98 
91 
92 



INITIALIZATION 

THE PROGRAM STARTS AT THE FOLLOWNG CODE UPON RESET. WITHIN 
THIS INITIALIZATION SECTION THE REGISTERS THAT MAINTAIN THE MATRIX 
MAP,FIFO AND ROM SCANNING ARE SET UP. PORT 1 IS SET HIGH FOR USE 
AS AN INPUT PORT FOR THE COLUMN STATUS. BIT 4 OF STATUS REGISTER IS 
WRITTEN TO CONVEY A FIFO EMPTY CONDITION. THE INITIAL COLUMN STATUS 
OF ALL THE ROWS IN THE SENSOR MATRIX IS THEN READ INTO THE MATRIX 
MAP. ONCE THE MATRIX MAP IS FILLED THE OBF INTERRUPT (PORT 2-4) IS 
ENABLED 



********************** 



WW 




93 


ORG 


8 




MM 
WW 


B83F 


94 INITMX: 


MOV 


R8,#3FH 


MATRIX MAP POINTER REGISTERj TOP ADDRESS 


8882 


Bfl9F 


95 


MOV 


R2,#8FH 


SCAN ROW SELECT REGISTER, TOP ROW 


8884 


BC88 


96 


MOV 


R4,#FIF0BA 


FIFO INPUT ADDRESS REGISTER, BOTTOM OF FIFO 


flBftg 

WW 


BD2F 


97 


MOV 


R5,#FIF0TA 


FIFO OUTPUT ADDRESS REGISTER, TOP OF FIFO 




89FF 


98 


ORL 


P1,#8FFH 


INITIALIZE PORT 1 HIGH FOR INPUTS 


668R 


2388 


99 


MOV 


A,#88H 


INITIALIZE STATUS REGISTER, FIFO EMPlV 


wX 


98 


188 


MOV 


STS,A 


WRITE TO STATUS REGISTER, BITS 4-7 


888D 


FA 


181 FILLMX: 


MOV 


A,R2 


SCAN ROW SELECT TO ACCUMULATOR 


888E 


3A 


182 


OUTL 


P2,A 


OUTPUT SCAN ROW SELECT TO PORT 2 


888F 


89 


183 


IN 


A, PI 


INPUT COLUMN STATUS PORT 1 


8818 


A8 


184 


MOV 


8R8,A 


LOAD MATRIX MAP WITH COLUMN STATUS 


8811 


FA 


185 


MOV 


A,R2 


CHECK SCAN ROW SELECT REGISTER VALUE FOR 8 


8812 


C618 


186 


JZ 


OBFINT 


IF 8 ENABLE OBF INTERRUPT 


8814 


C8 


187 


DEC 


R8 


DECREMENT TO NEXT MATRIX MAP ADDRESS 


8815 


CA 


188 


DEC 


R2 


DECREMENT TO SCAN NEXT ROW 


8816 


848D 


189 


JMP 


FILLMX 


FILL NEXT MATRIX MAP ADDRESS 


8818 


BA18 


118 OBFINT: MOV 


R2,#18H 


BIT 4 HIGH IN ROW SCAN SELECT REGISTER 


881A 


FA 


111 


MOV 


A,R2 


ROM SCAN SELECT VALUE TO ACCUMULATOR 


8816 


3A 


112 


OUTL 


P2,A 


INITIALIZE PORT 2, BI1 4 FOR "EN FLAGS" 


881C 


F5 


113 


EN 


FLAGS 


ENABLE OBF INTERRUPT PORT 2, BIT 4 



114 i 

115 *EJECT 
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APPENDIX B1 (Continued) 



LOC OBJ SEQ SOURCE STATEMENT 

116 ^^^^w^^^^***^*^**^,************^ 

117 ; 

118 J SCAN AND COMPARE 

119 i 

129 ; THE FOLLOWING CODE IS THE SCAN AND COMPARE SECTION OF THE PROGRAM. 

121 ;UPON ENTERING THIS SECTION A CHECK IS MADE TO SEE IF THE ENTIRE MATRIX 

122 ;HAS BEEN SCANNED. IF SO THE REGISTERS THAT MAINTAIN THE MATRIX MAP AND ROW 

123 ; SCANNING ARE RESET TO THE BEGINNING OF THE SENSOR MATRIX. IF THE ENTIRE 

124 ; MATRIX HASNT BEEN SCANNED THE REGISTERS INCREMENT TO SCAN THE NEX1 ROM. 

125 ;FROM THIS POINT ON THE RON SCAN SELECT REGISTER IS USED FOR TWO FUNCTIONS. 

126 ;BITS 8-3 FOR SCANNING AND BITS 4 AND 5 FOR THE EXTERNAL INTERRUPTS. YHUSLY 

127 ;ALL USAGE OF THE REGISTERS IS DONE BY LOGICALLY MASKING IT SO AS TO ONLY 

128 i AFFECT THE FUNCTION DESIRED. ONCE THE REGISTERS ARE RESET, ONE ROW OF THE 

129 ; SENSOR MATRIX IS SCANNED. A DELAY IS EXECUTED TO ADJUST FOR SCAN TIME 
138 i (DEBOUNCE). A BYTE OF COLUMN STATUS IS THEN READ INTO THE MATRIX MAP. 

131 ;AT THE TIME THE NEW COLUMN STATUS IS COMPARED TO THE OLD. THE RESULT IS 

132 ; STORED IN THE COMPARE REGISTER. THE PROGRAM IS THEN ROUTED ACCORDING 10 

133 ; WHETHER OR N01 A CHANGE WAS DETECTED. 

134 ; 

135 ; *M°M********^^ 

136 ; 



881D 


FA 


137 


ADJREG 


MOV 


A,R2 


SCAN ROM SELECT TO ACCUMULATOR 


881E 


538F 


138 




ANL 


A,#8FH 


CHECK FOR 8 SCAN VALUE ONLY, NOT INTERRUPT 


8828 


C626 


139 




JZ 


RSETRG 


IF 8 RESET REGISTERS 


8822 


C8 


148 




DEC 


R8 


DECREMENT MATRIX MAP POINTER 


8823 


CA 


141 




DEC 


R2 


DECREMENT SCAN RON SELECT 


8824 


842C 


142 




JMP 


SCANMX 


SCAN MATRIX 


8826 


B83F 


143 


RSETRG 


MOV 


R8,#3FH 


RESET MATRIX HAP POINTER REGIS1ER,T0P ADDRESS 


8828 


FA 


144 




MOV 


A,R2 


SCAN RON SELECT TO ACCUMULATOR 


8829 


438F 


145 




ORL 


ft, I8FH 


RESET SCAN RON SaECLNO INTERRUPT CHANGE 


8828 


AA 


146 




MOV 


R2,A 


SCAN ROW SELECT REGISTER 


882C 


FA 


147 


SCANMX 


MOV 


A,R2 


SCAN ROW SELECT TO ACCUMULATOR 


882D 


3A 


148 




OUTL 


P2,A 


OUTPUT SCAN ROW SELECT TO PORT 2 


882E 


BB8F 


149 




MOV 


R3,#SCANTH 


SET DELAY FOR OUlPUT SCAN TIME 


8838 


EB38 


158 


DELAY2 


DJNZ 


R3,DELHY2 


DELAY 


8832 


89 


151 




IN 


A, Pi 


INPUT COLUMN STATUS FROM PORT 1 TO ACCUMULATOR 


8833 


28 


152 




XCH 


A, 8R9 


STORE NEW COLUMN STATUS SAVE OLD IN ACCUMULATOR 


8834 


D8 


153 




XRL 


A* 8R8 


COMPARE OLD WITH NEW COLUMN STATUS 


8835 


AF 


154 




MOV 


R7,A 


SAVE COMPARE RESULT IN COMPARE REGISTER 


8836 


C669 


155 




JZ 


CHFFUL 


IF THE SAME, CHECK IF FIFO IS FULL 



156 ; 

157 $EJECT 
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APPENDIX B1 (Continued) 



LOC OBJ SEQ SOURCE STATEMENT 

158 m mm mmmm mmmmmmmmmmmmmmmmmmtm ft* 

159 ; 

168 i CHflNGE WORD ENCODING 

161 ; 

162 ;THE FOLLOWING CODE IS THE CHflNGE WORD ENCODING SECTION. THIS 

163 i SECTION IS ONLV EXECUTED IF A CHANGE WAS DETECTED. THE COLUMN COUNTER 

164 ; IS SET AND DECREMENTED TO DESIGNATE EACH OF THE 8 COLUMNS THE COMPARE 

165 i REGISTER IS LOOKED AT ONE BIT AT A TIME TO FIND 1HE EXflCT LOCATION OF 

166 ;THE CHANGE(S). WHEN A CHANGE IS FOUND IT IS ENCODED BV GIVING IT H 

167 i COORDINATE FOR ITS LOCATION. THIS IS DONE BV COMBINING THE PRESENT VALUE 

168 ; IN THE ROM SCAN SELECT REGISTER AND THE COLUMN COUNTER. THE ACTUAL STATUS 

169 ;OF THAT SENSOR IS ESTABLISHED BV LOOKING AT THE CORRESPONDING BVTE IN 
178 ;THE MATRIX HAP. THIS STATUS IS COMBINED WITH THE COORDINATE TO ESTABLISH 
171 ;THE CHANGE WORD. THE CHANGE WORD IS THEN STORED IN THE CHANGE WORD REGISTER. 







172 ; 












173 ;****** 

174 ; 








8838 


B888 


175 


MOV 


R3,t88H 


SET COLUMN COUNTER REGISTER TO 8 


883A 


C8 


176 RRLOOK: 


DEC 


R3 


DECREMENT COLUMN COUNTER 


883B 


F8 


177 


MOV 


H,8R8 


COLUMN STATUS TO ACCUMULATOR 


883C 


77 


178 


RR 


D 


ROTATE COLUMN STATUS RIGHT 


BB3D 


AS 


179 


MOV 


8R8,fl 


ROTATED COLUMN STATUS BACK 10 MATRIX MAP 


883E 


FF 


188 


MOV 


fl,R7 


COMPARE REGISTER VALUE TO ACCUMULATOR 


883F 


77 


181 


RR 


A 


ROTATE COMPARE VALUE RIGHT 


8848 


AF 


182 


MOV 


R7,A 


ROTATED COMPARE VALUE TO COMPARE REGISTER 


8841 


F245 


183 


JB7 


ENCODE 


TEST BIT 7 IF CHANGE DETECTED ENCODE CHANGE WORD 


8843 


8469 


184 


JMP 


CHFFUL 


IF NO CHflNGE IS DETECTED CHECK FOR FIFO FULL 


8845 


Ffl 


185 ENCODE: MOV 


A,R2 


SCflN ROW SELECT TO ACCUMULATOR 8888XXXX 




538F 


186 


ANL 


fl* WFH 


ROTATE ONLV SCAN VALUE 


OOtO 


E7 


187 


RL 


A 


ROTATE LEFT 888XXXX8 


8849 


E7 


188 


RL 


A 


ROTATE LEFT 98XXXX88 


ooau 

Writ 1 


E7 


189 


RL 


A 


ROTATE LEFT 8XXXX888 


QOAD 


4B 


198 


ORL 


&R3 


ESTABLISH MATRIX COORDINANT 8XXXXXXX 






191 






(OR) COLUMN COUNTER VALUE WITH ACCUMULATOR 


ftftiT 


AE 


192 


MOV 


R6,A 


SAVE COORDINANT IN CHANGE WORD REGISTER 


884D 


F8 


193 


MOV 


A,8R8 


COLUMN STATUS FROM MATRIX MAP TO ACCUMULATOR 


884E 


5388 


194 


ANL 


A»#88H 


8 ALL BITS BUT BIT 7 


8858 


4E 


195 


ORL 


Hi R6 


(OR) SENSOR STATUS WITH COORDINATE FOR COMPLETED CHflNGE WORD 


8851 


AE 


196 


MOV 


R6j A 


SflVE CHANGE WORD XXXXXXXX 






197 ; 












198 $£JECT 
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APPENDIX B1 (Continued 

291 i FIFO-DBBOUT MANAGEMENT 

292 i 

292 ;THE FOLLOWING CODE IS THE FIFO-DBBOUT MANAGEMENT SECTION OF THE 

294 ; PROGRAM. THIS SECTION TAKES UN ENCODED CHANGE WORD AND LOADS IT INTO 

295 ; THE FIFO. THE FIFO NOT EMPTY INTERRUPT IS THEN SET AND THE FIFO-IN 

296 ; POINTER GETS UPDATED. A FIFO FULL CONDITION IS THEN CHECKED FOR AND 

297 ; ROUTED ACCORDINGLY. IF BOTH THE FIFO AND OBF HAVE CHANGE WORDS THE 

298 ; PROGRAM LOCKS UP UNTIL THIS HAS CHANGED. IF THE FIFO ISNT FULL COLUMN 

299 ;COUNTER= 9, FIFO EMPTY AND OBF CONDITIONS ARE CHECKED. THE FIFO-OUT 
219 ; POINTER IS SET AND DB80UT IS LOADED IF THE FIFO ISNT EMPTY AND OBF ISNT 

211 iSET. IF THIS ISNT THE SITUATION, PROGRAM FLOW IS ROUTED BACK 10 THE 

212 ; THE SCAN AND COMPARE SECTION TO SCAN THE NEXT ROU 







213 ; 












214 i ****** 












215 » 








9652 


FC 


216 LOADFF: 


MOV 


A,R4 


FIFO INPUT ADDRESS TO ACCUMULATOR 


9KS3 


A9 


217 


MOV 


R1,A 


FIFO POINTER USED FOR INPUT 


9654 


FE 


218 


MOV 


A>R6 


CHANGE WORD TO ACCUMULATOR 


8855 


Al 


219 


nUY 


9RLA 


LOAD FIFO AT FIFO INPUT ADDRESS 


8856 


2318 


OOfl ctdtwt . 

i£& bTRINfc. 


MOV 


a*19H 


BIT 4 FOR FIFO NOT EMPTY 


8958 


99 


221 


MOV 


STS,A 


WRITE TO STATUS REGISTER, FIFO NOT EMPTY 


9959 


8A29 


222 INTRHl: 


ORL 


P2,I28H 


FIFO NOT EMPTY INTERRUPT PORT 2-5 HIGH 


8858 


FA 


223 


MOV 


A,R2 


ROW SCAN SELECT TO ACCUMULATOR 


905C 


4329 


224 


ORL 


A,*29H 


SAVE INTERRUPT, NO CHANGE TO SCAN VALUE 


q o err 

wot 


HH 


TOR 


nuv 


R2,A 


ROW SCAN SELECT REGISTER 




iia- 


lib HPJt-IN 


nuv 


Aj iFIFOTA 


FIFO TOP ADDRESS TO ACCUMULATOR 


wbl 


IV* 

DC 


007 


XKL 


A,R4 ; COMPARE WITH CURRENT FIFO INPUT ADDRESS 


WW 


CCC7 


228 


r7 
J£ 


RSFFIN 


IF THE SAME RESET FIFO INPUT REGISTER 


Q£tCA 
wO*t 


a r 
11 




TUT 

INC 


R4 


NEXT FIFO INPUT ADDRESS 


WW 


U469 




Jnr 


CHFFUL 


CHECK FIFO FULL 


Woof 




074 DCCC T kl ■ 

til KirrlN. 


nUV 


R4,#FIF0BP 


RESET FIFO INPUT REGISTER, BOTTOM OF FIFO 




Ft 


2i2 LHrrU_. 


nuv 


A,R4 


FIFO INPUT ADDRESS TO ACCUMULATOR 


986A 


DD 


233 


XRL 


A,R5 


COMPARE INPUT WITH OUTPUT FIFO ADDRESS 


8666 


967D 


234 


JMZ 


CHCNTR 


IF NOT SAME CHECK COLUMN COUNTER VALUE 


WW 


WW 


tiD LHuorl. 


JUor 


CH0BF1 


IF OBF IS 1 THEN CHECK OBF 


QOtCC 

W»T 


ci£r 


17£ OTi TCTIT ■ 

2io HUJrUl . 


nUV 


a IFIFOTA 


FIFO TOP ADDRESS TO ACCUMULATOR 


OG74 
Wfl 


nil 
w 


■077 

iif 


XKL 


A,R5 


COMPARE TOP TO OUTPUT FIFO ADDRESS 


Wf £. 


L*r r 


070 




RSFFOT 


IF THE SAME RESET FIFO OUTPUT REGISTER 


9974 


ID 


239 


INC 


R5 


NEXT FIFO OUTPUT ADDRESS 


9975 


9479 


248 


JMP 


LOADDB 


LOAD DBBOUT 


9977 


BD98 


241 RSFFOT: 


MOV 


R5, IFIFOBA 


RESET FIFO OUTPUT ADDRESS TO BOTTOM OF FIFO 


9979 


FD 


242 L0ADD6: 


MOV 


A,R5 


OUTPUT FIFO ADDRESS TO ACCUMULATOR 


997A 


A9 


243 


MOV 


RLA 


FIFO POINTER USED FOR OUTPUT 


997B 


Fl 


244 


MOV 


A,9Ri 


CHANGE WORD TO ACCUMULATOR 


997C 


92 


245 


OUT 


DB6.A 


CHANGE WORD TO DBBOUT 


997D 


FB 


246 CHCNTR: 


MOV 


A, R3 


COLUMN COUNTER TO ACCUMULATOR 


997E 


963A 


247 


JNZ 


RRLOOK 


IF NOT 8 FINISH CHANGE WORD ENCODING 


9989 


2398 


248 CHFFEM: 


MOV 


a IFIFOBA 


FIFO BOTTOM ADDRESS TO ACCUMULATOR 


8982 


DC 


249 


XRL 


A,R4 


COMPARE FIFO INPUT ADDRESS WITH FIFO BOTTOM ADDRESS 


9683 


C68C 


258 


JZ 


ADJFEM 


IF THE SAME, ADJUST TO CHECK FOR FIFO EMPTY 


8985 


FC 


251 


MOV 


aR4 


FIFO INPUT ADDRESS TO ACCUMULATOR 


9986 


87 


252 


DEC 


A 


DECREMENT FIFO INPUT ADDRESS IN ACCUMULATOR 


9987 


DD 


253 


XRL 


R5 


COMPARE INPUT TO OUTPUT FIFO ADDRESSES 
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LOC OBJ 


SEQ 


SOURCE STATEMENT 




8888 C691 


254 


JZ 


STflTHT 


if- SANE, WRITE STATUS REGISTER FOR FIFO EHPTV 


888A 849C 


255 


JNP 


CH0BF2 


CHECK OBF 


888C 232F 


256 flDJFEU 


nov 


A,#FIF0TA 


FIFO TOP ADDRESS 10 ACCUNULflTOR 


868E DO 


257 


XRL 


A,R5 


COMPARE TOP TO OUTPUT FIFO ADDRESS 


aapf agar 

WOT /vJ'V 


258 


JN2 


CH0BF2 


IF NOT c >fWF THFN FIFO K NOT FMPTV. CHECK OBF 


0091 2188 


2S9 STflTHT 

C.JJ jinim 


NOV 


A,t88H 


n FPP RTT ft FOP FTFO FKPTV 
w_cnr. pi i o rur\ riru Crr it 




-yea 

too 


NOV 


STS,A 




TOTt JTB/T 


oci TMTpi n 

c. OX 1 1« 1 1\L U 


HNL 


P2,#8DFH 




oaor Co 
co -?o rn 


cot 




Q DO 

n, i\t 




8897 53DF 


263 


ANL 




SAVE INTERRUPT, NO CHANGE TO SCAN VALUE 


8899 ftfi 


264 


NOV 


R2,fl 


SCAN ROM SELECT REGISTER 


BB9A MID 


265 


JNP 


ADJREG 




889C 861D 


266 CH0BF2 


JOBF 


ADJREG 


IF 0BF=i THEN ADJUST REGISTERS 


889E 846F 


267 
268 i 


JNP 


flDJFOT 


ADJUST FIFO OUT ADDRESS TO LOAD DBBOUT 




269 


END 







USER SVNBOLS 
ADJFEH 888C 
CH0BF2 889C 
INTRLO 8894 
SCANHX 882C 



ADJFIN 885F 
DELAV2 8838 
LOADDB 8879 
SCANTM 888F 



ADJFOT 886F 
ENCODE 8845 
LOADFF 8852 
STATHT 8891 



ADJREG 881D 
FIFOBA 0888 
OBFINT 8818 
STATNE 8856 



CHCNTR 887D 
FIFOTA 882F 
RRLO0K 883A 



CHFFEH 8888 
FILLHX 888D 
RSETRG 8826 



CHFFUL 8869 
INITHX 8888 
RSFFIN 8867 



CH0BF1 886D 
INTRH1 8859 
RSFFOT 8877 



ASSEMBLY COMPLETE, NO ERRORS 
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APPENDIX B2 



ISIS-II 8880/8885 MACRO ASSEMBLER. X188 
8B85rVUPI SENSOR MATRIX CONTROLLER 



MODULE PAGE 



LOC OBJ 



SEQ 



SOURCE STATEMENT 



88E5 
88E4 
W18 
8881 
4388 

4888 218842 
4883 8688 
4885 DBE5 
4887 E611 

4889 C8 
488A DBE5 
488C E681 
488E CB8548 
4811 DBE4 

4813 77 

4814 23 

4815 84 

4816 C8 

4817 C38548 



2 ; SUBROUTINE TO READ ALL CHANGES IN THE UPI AND BUILD A BUFFER 

3 ; STARTING AT BUFSRT. REG. B CONTAINS THE NUMBER OF CHANGES 
4;UPONEXIT. THE MAXIMUM NUMBER OF CHANGES IN ANY ONE CALL 

5 ; IS 255. 

6 J 

7 ; INPUTS: NOTHING 

8 i OUTPUTS: CHANGE WORD BUFFER AT BUFSRT 

9 ( CHANGE WORD COUNT IN REG B 
18 ; CALLS: NOTHING 

11 ; 
12 

13 STATUS 

14 DBBOUT 

15 FIFO 

16 OBF 

17 BUFSRT 

18 ; 

19 START: 
28 

21 POLL1: 
22 
23 
24 
25 
26 
27 
28 
29 
38 
31 
32 

33 i 

34 END 



opr. 






EQU 


8E5H 


UPI STATUS PORT 


EQU 


8E4H 


UPI DBBOUT PORT 


EQU 


18H 


FIFO NOT EMPTV MASK 


EQU 


81H 


OBF MASK 


EQU 


4388H 


BUFFER START LOCATION 


LXI 


H, BUFSRT 


INITIALIZE BUFFER POINTER 


MVI 


B.88H 


CLEAR CHANGE WORD COUNTER 


IN 


STATUS 


READ UPI STATUS 


AN I 


FIFO OR OBF 


TEST FIFO NOT EMPTV AND OBF 


RZ 




RETURN IF ZERO 


IN 


STATUS 


READ UPI STATUS 


AN I 


OBF 


TEST OBF FLAG 


JZ 


POLLi 


WAIT IF NOT READV 


IN 


DBBOUT 


READ CHANGE WORD 


MOV 


N, A 


.LOAD BUFFER HUH CHANGE WORD 


I NX 


H 


; INC BUFFER POINTER 


INR 


B 


i INC CHANGE WORD COUNTER 


RZ 




EXIT IF COUNTER = 256 


JMP 


POLU 


; CHECK IF MORE CHANGE WORDS 
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APPENDIX C1 



ISIS-II MCS-48/UPI-41 MflCRO ASSEMBLER, 
AP-41 COMBINATION I/O DEVICE 



V2.8 



LOC OBJ 



SEQ 



SOURCE STATEMENT 



1 *N0D42 

2 . 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 



THIS UPI-41 PROGRAM IMPLEMENTS A FULL-DUPLEX UART WITH ON-CHIP 
BAUD RATE GENERATION IN COMBINATION WITH AN 8-BIT PARALLEL I/O 
PORT. THE BAUD RATE IS SELECTABLE FROM lie 10 1289 BAUD. THE 
PARALLEL I/O P0R1 IS PROGRAMMABLE FOR EITHER INPUT OR OUTPUT. 

INTERRUPT OUTPUTS ARE AVAILABLE FOR DATA AVAILABLE ON THE RECEIVER 
AND PARALLEL INPUT. THE STATUS REGISTER MUST BE READ TO DETERMINE 
WHICH SOURCE CAUSED THE INTERRUPT. THE FLAGS F8 AND Fl CODE THE 
INTERRUPT SOURCE. F8 AND Fl ALSO GIVE AN INDICATION OF COMMAND 
ERRORS. 



1? 


REGISTER DEFINITION 




18 






RBI 


19 








28 


8 


NOT USED 


NOT USED 


21 


1 


NOT USED 


BAUD RATE CONSTANT 


22 


2 


NOT USED 


TX TICK COUNTER 


23 


3 


RX STATUS (RXSTS) 


TX SERIALIZER 


24 


; 4 


RX HOLDING 


TX BUFFER 


25 


i 5 


RX TICK COUNTER 


TX STATUS (TXSTS) 


26 


; 6 


RX DESERIALIZER 


COMMAND STORE 


2? 


i 7 


STATUS REG STORE 


ACC. INTERRUPT SAVE 



28 
29 
38 

31 JEJECT 
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LOC OBJ SE8 SOURCE STATEMENT 



32 
33 
34 


















35 


COMMANDS 








36 










37 


CONFIGURE: 8 8 8 A B C D P 






38 






A - 1288 BAUD SELECT 




39 






B - 688 BAUD SELECT 




40 






C - 388 BAUD SELECT 




41 






D - 118 BAUD SELECT 




42 






E - PARALLEL I/O DIRECTION 




43 






- INPUT 




44 






1 - OUTPUT 




45 










46 


I/O: 


18 8 8 8 8 8 8 


(PERFORM I/O OPERATION) 




4? 


RESET ERROR:! 1 8 8 8 8 8 8 


(RESET RX ERROR IN STATUS) 




48 










49 
58 


















51 


STATUS REGISTER DEFINITION 






52 










53 


BIT 


DEFINITION 






54 










55 


8 


OBF - DATA AVAILABLE 




56 


; 1 


IBF - BUSV 






57 


; 2 


F8 






58 


; 3 


Fl 






59 


1 4 


NOT USED 






60 


; 5 


TXINT - TX INTERRUPT 




61 


f 6 


FRAMING ERROR 






62 


; 7 


OVERRUN ERROR 






63 










64 


; F8 


Fl OPERATION 






65 










66 


i 8 


8 X 






67 


I 8 


1 PARALLEL I/O DATA AVAILABLE 




68 


i 1 


8 SERIAL I/O DATA AVAILABLE 




69 


; 1 


1 COMMAND ERROR 






70 










71 


















72 











73 $EJECT 
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LOC OBJ SEQ SOURCE STATEMENT 

74 i 
75 

76 ; 

77 ; STATUS REGISTER DEFINITIONS 

78 i 



79 i RXSTS TXSTS 

88 i 

SI i 8 RX FLAG - SPACE TX FLAG - TRANSMIT! 1NG CHR 

32 ; 1 START FLAG - GOOD SI ART REQUEST BYTE - CHR IN BUFFER 

83 ; i BViE FINISHED TX PIPELINED DATA BIT 

84 ; 3 DATA READY START BIT FLAG 

85 i 4 FRAMING ERROR NOT USED 

86 ; 5 OVERRUN ERROR NOT USED 

87 i 6 10 DIRECTION NOT USED 



7 10 FLAG NOT USED 



98 , tmmmwww 

91 i 

92 i PORT 2 DEFINITIONS 



93; 






94 :■ 


BIT 


DEFINITION 


95 ; 






96 i 


8 


TX DATA 


97 i 


4 


NOT USED 


98 i 


2 


NOT USED 


99 j 


i 


TX INTERRUPT 


188 ; 


4 


UBF INTERRUPT (RX OR I/O DATA AVAILABLE) 


181 i 


5 


NOT USED 


182 i 


6 


NOT USED (TICK SAMPLE) 


183 ; 


7 


NOT USED 


184 ; 






185 i ****** 

186 i 






187 ;MISC. 






188 i 






189 ; 


RX DATA 


T8 INPUT 




EXT CLOCK Tl INPUT 76. 8KHZ (1 2288MHZ/16) 

uM<******************************** 
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APPENDIX C1 (Continued) 





11? 












118 


; SYSTEM EQUATES 








119 










8691 


128 


RXFLG 


EQU 


01H j 


PFf"FTUP C| Qfi TU DVCTC 

KtLtlYt rLnu IN KXblb 


6992 


121 


SRiFLG 


EQU 


02H , 


C-TAPT RTT PI flfi TU DVCTC 

jtnru oil rLnli IN KAblb 


9664 


122 


BFFLG 


EQU 


94H j 


RVTF FTMKHFfi F! flfi TM PVCTC 
dt it rim jncw rLnu lr1 KnOlb 


9668 


123 


DflTRDV 


EQU 


88H j 


DATA PFAfW Fl flfi TM PVCic 


8618 


124 


FRRPtER 


EQU 


19U j 


FkRMIMfi FROTH? Fl flfi TM PVCTC 
ri\nnirm cjwufs ri_nu in KajID 


9926 


12b 


QVRUN 


EQU 


28H j 


OVFPPJM FPPftP PI flfi 1M DVCTC 
UVCKKuTI tKKUK rLnU IN KAblb 


9646 


126 


10DIR 


EQU 


40H j 


T /n ATPFPTTniJ PI flfi TM DVCiC 

ifv wiKLMiun rLnu in KAblb 


6686 


127 


IOFLG 


EQU 


3mH , 


T/fl bCOlCCT PI flfi TM PVCTC 
i/u r.cwuc j i rLnu IN KAilS 


oool 
9992 


128 


TXFLG 


EQU 


01H , 


7V Fl flfi TM TVCTC 
lA rLnu in 1 ro 1 _• 


129 


REQFLG 


EQU 


82H 


PF0I1FCT RVTP PI flfi TU TVCTC 

kcwucim BY It rLnu IN IJsblb 


9946 


138 


T I GOUT 


EQU 


4QH 


TTPtf QflMDI C 151 T TU DftDT 1 

1 ILK bfflKLt bl 1 IN PURT 2 


9986 
nam 

OOOH 


131 


RXINTL 


EQU 


otm ^ 


Qy riPCCDTOJ T "7CD lufTTQi rmrinii 

KX UtbtKIHLIZER 1NITIRLIZRTI0N 


132 


t loon [ 




84H 


TTfV TUTTTOI T"A3TTfiU 


887F 


133 




rati 


7FM 

r rn j 


flCf T T MQCt-' 

HiLll rlHSK 


9663 


134 


TYTTP 


twu 


CPU 
o.>n 


IV T T (H/ mtm\ urvi/ 

IX IICK WO rlHSK 


9928 


135 


TXEND 


cwu 




T T rV Pf 1 HIT QT CW\ AT" TU rn inruVTr n 

1 1UK UUUNT HT END OF TX CHflRHCTER 


9624 


136 


STPEND 


cwu 




IILK LTJUNT HT END OF TX OflTR 


6664 


137 


MflSk 


cwu 


QAU 

trtn j 


flnKK. UUIrUI 


66FB 


138 


jrnot 


PGII 

twu 


or on r 


CDflrC fil ITDI IT 

jrnLt UUIrUI 


8666 


139 




FOII 


60H 


NPMPPfli n POb 


9668 


148 




cm i 


oon 


TV T UTCDDI IDT HI ITDI IT t ki rmoT 

IX INIbKKUrl UUTPUT IN PORT 2 


8626 


141 


TS83TT 


FQJI 

tuu 


ton . 


TV TUTrUM IDT dti Tkt i — i rtn \i- 

IX INTEKRUPT BIl IN SlHTUS 


6926 






toil 
twu 




TIfER CONSTRNT RftM LOCATION 


803F 


143 




rail 




DCCTTT CDDiiD Mori/ r/nri ( — rm*i h- 

RESET ERROR nRSK FOR STflTUS 


6948 


144 


FESTS 




ton i 


FPflMTMfi PDOHD DTT TU CTQTltC 

rnnnlNu tKKUK oil IN blnlub 


6689 


145 


irac 

viJ 1 3 




QQU 

oon j 


flVPDDlIU CUOHO DI7 TU CTQTI IC 

UYtKKUN tKKUK oil IN blnlUb 


8861 


146 


NkTUIT 
ITMJU 1 


PHI I 

twu 


Mil 

OJ.M J 


MflPf m ITDI IT Tfl DftDI 
nnKr\ UUIrUI IU r UK 1 


86FE 


147 


jrUU 1 


CWU 


of EH j 


CPflfP fiMTDIIT Tfi DODT 
DrnKrE. UUIrUI IU rUKi 


8668 


148 


SBIT 


EQU 


oon j 


IV CTO.OT DT'I n Of- 

Ia blnKI Bl 1 rLnu 


&9fT< 




RXSTS 


EQU 


D"? 


KX blHTUS REGISTER 




158 


TXSTS 


EQU 


R5 


TX STflTUS REGISTER 




151 


r 










152 


REJECT 
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LOC OBJ 



SEQ 



SOURCE STATEMENT 



8812 FD 

8813 5219 
8815 9AFE 
8817 8418 
8819 8R81 



153 i 

154 

155 

156 

157 

158 



RESET VECTOR LOCATION 



***************************** 



8888 


159 


ORG 


Qoaoti 

TOJn 






168 i 








8888 C5 


161 RESET: 


SEL 


R88 


;GET INTO RB8 AT RESET 


9861 4400 


162 


JMP 


am 


;Q0 TO INITIALIZATION 



163 
164 
165 
166 
167 
168 
169 
178 
171 
172 



; TIMER INTERRUPT LOCATION - TIMER IS SET TO 4 TIMES THE BAUD RATE. THE 
; RECEIVER AND TRANSMITTER ARE SERVICED EVERV FOUR TIMER TICKS. SOFT HARE 
; DELAY LOOP IS USED FOR TIMING FINE-TUNING. RBI Rl POINTS AT DELAY 
i CONSTANT AT INTERRUPT, kl-1 POINTS AT TIMER CONSTANT. 



888? 


173 


ORG 


8887H 






174 ; 








8887 D5 


175 TIMINT: 


SEL 


RBI 


i INTERRUPT PROCESSING IN RBI 


8888 AF 


176 


MOV 


R?,A 


;SAVE ACCUMULATOR IN R7 


8889 F9 


177 


MOV 


A,R1 


; GET TIMER CONSTANT 


888A 88 


178 


NOP 




; DELAY TO GET INTO Tl HIGH 


mPOO JDW 


179 INT1: 


JT1 


INT1 


iHAir UNTIL Tl IS LOH 


888D 62 


188 


MOV 


LA 


/THEN LOAD COUNTER 




181 ; 










182 ; TICK SAMPLE 


OUTPUT 






183 i 








888E 9ABF 


184 


ANL 


P2, »NOT T1COUT 




8818 8A48 


185 


ORL 


P2,#TIC0UT 





881B C5 



186 
187 
188 
189 
198 
191 
192 
193 
194 
195 
196 
197 
198 
199 
288 
281 
282 
283 
284 
285 
286 
287 



********* 

TRANSMITTER OUTPUT - TIME CRITICAL TASKS DONE FIRST. 
PIPELINED IN TXSTS BIT 2 IS OUTPUT NOW. 



DATA BIT OUTPUT 



TXOUT: MOV ft, TXSTS 

JB2 MOUT 

ANL P2,#SP0UT 

JMP RCV 

MOUT: ORL P2,#HKOUT 



GET TX STATUS 
TEST PIPELINED DATA 
OUTPUT SPACE IF RESET 
DO RECEIVER 
OUTPUT MARK IS SET 



START OF RECEIVER FLOW 
HOLDS RECEIVER STATUS. 



RCV: SEL 



RXSTS REGISTER 



; SWITCH TO RX BANK 
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LOG OBJ 


SES 


SOURCE STATEMENT 




881C FB 


288 


NOV 


A, RXSTS i 


GET RXSTS 


881D 1226 


289 


JB8 


RCV1 


TEST RECEIVE FLAG 




218 






8 - NO CHR BEING RECEIVED 




211 






1 - POSSIBLE START BIT, DO TES1 


861F 3668 


212 


JT8 


XMIT i 


TEST RXD INPUT 




213 






8 - SPACE, SET RX FLAG 




214 






1 - MARK, GO CHECK XMIT 


8821 4381 


215 


ORL 


A,«RXFLG i 


SPACE - SET RX FLAG 


8823 HB 


216 


MOV 


RXSTS, A ; 


RESTORE RXSTS 


8824 8468 


217 


JMP 


XMIT ; 


GO HANDLE XHTR 




218 i 










219 ; START 


BIT TEST 








228 i 








9826 3238 


221 RCV1: 


JB1 


RCV3 ; 


FIRST TEST START BM FLAG 


8828 3633 


222 


JT9 


RCV2 


TEST RXD INPUT 




223 






8 - SPACE, GOOD START BIT 




224 




»1 - NARK, BAD START BIT, IGNORE 


882H 4382 


225 


ORL 


A, ISRTFLG ; 


GOOD START - SET START BIT FLAG 


882C HB 


226 


MOV 


RXSTS, A 


RESTORE RXSTS 


882D BE88 


227 


MOV 


R6, IRXINTL 


SETUP RX DESERIALIZER 


882F BD84 


228 


MOV 


R5, #TICSRT , 


LOAD RX TICK COUNTER 


8831 8468 


229 


JMP 


XMIT 


GO HANDLE XMTR 




238 ; 










231 ;BAD START BIT 


- RESET FLAGS 






232 i 








8833 53FE 


233 RCV2: 


ANL 


A, INOT RXFLG , 


RESET RECEIVE FLAG 


8835 flB 


234 


MOV 


RXSTS, A 


RESTORE RXSTS 


0636 9468 


235 


JMP 


XMIT 


GO HANDLE XMTR 




236 ; 










237 i IN MIDDLE OF CHR - SAMPLE EVERY 4 TIMER TICKS 




238 i 








8838 ED68 


239 RCV3: 


DJNZ 


R5,XHIT 


WAIT UNTIL 4TH TICK 


883A BD84 


248 


MOV 


R5,#TICSRT 


RELOAD RX TICK COUNTER 


883C 5240 


241 


JB2 


RCV5 


, TEST BVTE FINISHED FLAG 




242 






;8 - MIDDLE OF CHR, CONTINUE 




243 






,1 - DONE WITH S10P BITS 


883E 97 


244 


CLR 


C 


; CLEAR CARRY BEFORE ROTATE 


883F 2642 


245 


JNT8 


RCV4 


; TEST RXD INPUT 


8841 A7 


246 


CPL 


C 


;RXD IS MARK, SET CARRY 


8842 FE 


247 RCV4: 


MOV 


fl,R6 


;GET DESERIALIZER 


8843 67 


248 


RRC 


A 


; ROTATE IN NEW BIT 


8844 BE 


249 


MOV 


R6,A 


i RLSTORE DESERIALIZER 


9045 E668 


258 


JNC 


XMIT 


;TEST CARRY AFTER ROTATE 




251 






; 8 - MIDDLE OF CHR 




252 






;1 - STOP BIT COMING NEXT 


8847 FB 


253 


MOV 


A, RXSTS 


■GET RXSTS 


8848 4384 


254 


ORL 


A,#8FFLG 


,SET BYTE FINISHED FLAG 


flOdfl OR 
OTrtn no 


255 


MOV 


RXSTS, A 


-RESTORE RXSTS 


OtrtD D*TOO 


256 


JMP 


XMIT 


;GO HANDLE XMTR 




257 i 










258 iBVTE FINISHED 


- DO STOP BIT TEST 




259 i 








884D 2668 


268 RCV5: 


JNT8 


RCV8 


; TEST RXD INPUT 




261 






;8 - SPACE, INVALID STOP BIT 




262 






;1 - MARK, VALID STOP BIT 
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LOT (1R.T 


ceo 




SOURCE STATEMENT 




804F 53EF 






AN. 


A,#N0T FRAMER ;N0 FRAMING ERROR, RESET FLAG 




264 . 












265 , 


OVERRUN TEST - 


IF RX DATA READV STILL SET, OVERRUN ERROR 




266 










8951 7264 


267 RCV6: 


JB3 


RCV9 


IF DATA READV STILL SET, ERROR 


8853 530F 


268 




ANL 


A,#N0T OVRUN ;N0 OVERRUN, RESE1 FLAG 




269 












270 


CLEAN 


UP RXSTS 


AT CHR COMPLETE 






271 










8855 4388 


272 RCV7: 


ORL 


A, WflTRDY 


SET DATA REftDV 


8857 53F8 


273 




ANL 


A,#N0T (RXFLG OR SRTFLG OR BFFLG) ; RESET OTHER FLAGS 


8059 R6 


274 




MOV 


RXSTS, A 


RESTORE RXSTS 


005fl FE 


275 




MOV 


A, R6 


GET DESERIALIZER REG 


085B 5Z7F 


276 




ANL 


A,#flSCHSK 


MAKE IT 7 BUS 


8850 AC 


277 




MOV 


R4,A 


PUT DATA INTO HOLDING REG 


885E 8468 


278 




JMP 


XMIT 


GO HANDLE XMTR 




279 












288 


BAD STOP - SET 


FRAMING ERROR FLAG 




281 










8868 4318 


282 RCV8: 


ORL 


A, #FRANER 


SET FRAMING ERROR FLAG 


8862 8451 


283 




JMP 


RCV6 i CONTINUE 




284 












285 


OVERRUN ERROR 


- SET OVERRUN FLAG 




286 










8864 4328 


287 RCV9: 


ORL 


A,#0VRUN ,• SET OVERRUN FLAG 


8866 0455 


288 




JMP 


RCV7 


CONTINUE 




289 












298 
291 












292 


START OF TRANSMITTER FLOW - TRANSMITTER IS SERVICED EVERV 4 TICKS. 




293 


THE TX TICK COUNTER SERVES AS THE TX BI1 COUNTER. TRANSMITTER STATUS 




294 


IS HELD IN THE TXSTS REGISTER. 






295 
296 












297 










0068 D5 


298 XMIT: 


SEL 


RBI 


BE SURE WE'RE IN RBI 


8069 Ft) 


299 




MOV 


A, TXSTS 


GET TX STATUS 


H0SA 77KX 


308 




JB3 


SRTBIT 


THIS IS START OF START BIT 


886C in 


381 




INC 


R2 


INC IX TICK COUNTER 


806D 2303 


302 




MOV 


A,#1XTIC 


TEST TICK COUNTER MOD 4 


086F 5ft 


363 




ANL 


A,R2 




8878 96B8 


384 




JNZ 


RETURN 


IF NON-ZERO, MIDDLE OF BIT 


0072 FD 


305 




MOV 


A, TXSTS 


ZERO, GET TXSTS 


0873 37 


386 




CPL 


A 


COMPLEMENT FOR TEST 


0074 129C 


387 




JB8 


XMT4 


TEST TX FLAG 




388 








8 - NOT TXING, CHECK FOR NEW CHR 




309 








1 - CURRENTLY IN CHR 


OV( D *;.>£: 


310 




MOV 


A,#TXEND 


CHECK FOR END OF DATA AND STOP 


WJr C- Lol 


311 




XRL 


A,R2 


XOR WITH CURRENT TICK C0UN1 


Hft79. Qkftl 
OTI J 7DOJ. 


312 




JNZ 


XMU 


NOT DONE, CONTINUE 


087B FD 


313 




MOV 


A, TXSTS 


DONE, GET TXSTS 


887C 53FE 


314 




ANL 


A,#N0T TXFLG 


RESET TX FLAG 


067E AO 


315 




MOV 


TXSTS, A 


RESTORE TXSTS 


007F 04B0 


316 




JMP 


RETURN ; GO EXIT 




317 
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TOO! citt 


328 XMT1: 


MOV 


A, tSTPEND ; 


CHECK FOR STOP BIT TIME 


L>flQ7 hft 
Bwi l/n 


iil 




XRL 


A,R2 i 


COMPARE WITH TICK COUNTER 


CWO*T JOOU 


TOO 




JNZ 


XMT2 


NOT TTMF, DO NFXT BIT 

T*U 1 1 11 H-J l/U ITCn 1 Oil 






TRANSMIT STOP BII 






it. 1 .' 










fMftfi FD 
mn r 1/ 


326 




MOV 


A, TXSTS ;GET TX STATUS 


oap? 4704 

TOO 1 *f JOT 


327 




ORL 


A, #MARK 


SETUP PIPELINED STOP BIT 




328 




MOV 


TXSTS, A i RESTORE TX STATUS 




329 




JMP 


RETURN ; RETURN 




338 ; 












331 ; 


IN MIDDLE OF CHR - TRANSMIT NEXT BIT 




332 ; 










008C FB 


333 XMT2: 


MOV 


A,R3 


m TX SERIALIZER 


fM(V) £7 


334 




RRC 


A 


ROTATE NEXT BIT INTO CARRY 


8B8E H8 


335 




MOV 


R3,A 


RESTORE SERIALIZER 


wjor ry 


336 




MOV 


ft TXSTS 


GET TX STATUS FOR PIPaiNED DATA 




337 




JC 


XMIi 


OUTPUT A MARK IF 1 


8892 53FB 


338 




8NL 


A,#SPACE 


RESET TXDATA BIT 


8894 AD 


339 




MOV 


TXSTS, A 


RESTORE TX S1ATUS 


8895 84B8 


348 




JMP 


RETURN 


GO EXIT 


0897 4*9)4 


341 XH13: 


ORL 


A» #MARK 


SET TXDATA BIT 




342 




MOV 


TXSTS, A 


RESTORE TX STATUS 


wjyn Woo 


343 
344 . 




JMP 


RETURN 


GO EXIT 




345 , 


TEST 


REQUEST 


FLAG SINCE NOT CURRENTLY TRANSMITTING 




346 












347 XHT4: 


JB1 


XMT5 


TEST TX REQUEST FLAG 




348 








;8 - NO CHR WAITING IN BUFFER 




349 








;1 - CHR WAITING IN BUFFER 


floor cp 


358 




MOV 


A,R4 


;CHR WAITING, GET IT FROM HOLDING 


WWr no 


351 




MOV 


R3,A 


;PUT IN SERIALIZER 


aaaa cr, 
ootto rV 


352 




MOV 


ATXSTS 


;GET TXSTS 


88A1 53FD 


353 




ANL 


A, »NOT REQFLG 


; RESET REQUEST FLAG 


QflQ? 4?ftQ 


354 




ORL 


A, ITXFLG OR SBIT 


;SET TX AND START BIT FLAGS 


flftftS «V?FR 
WnJ J->r0 


355 




ANL 


ft#SPRCE 


i SETUP TXDATA FOR START BIT 


80H7 RD 


356 
357 




MOV 


TXSTS, A 


i RESTORE TXSTS 




358 


i TX BUFFER EMPTV - SET TXINT PIN AND BIT 




359 










(MOO (VMfl 


368 XMT5: 


ORL 


P2,#TXINT 


;SET TXINT PIN 


oOTln 


361 




SEL 


RB8 


; SWITCH FOR SIS 


QW1D rr 


362 




MOV 


ftR7 


; GET STS 


eeflc 4328 


363 




ORL 


A,#TXBIT 


i SET TXINT BII 


88(€ flF 


364 




MOV 


R7,A 


; RESTORE STS 


HflftF <tt 
otjnr ^ 


365 




MOV 


STS, A 


; LOAD STA1US 




366 
367 
368 


***** 






************************************ 












369 


;EXIT FOR TIMER INTERRUPT ROUTINE POINT 




378 
371 
372 
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LOC OBJ 



SEA 



SOURCE STATEMENT 



D5 
8981 FF 
9882 93 



88B3 53F? 
8885 AD 
8866 BA81 

QQDQ OADQ 



RETURN: SEL RBI 
MOV A,R7 
RETR 



373 
374 
375 

376 i 

377 ; 

378 ; 

379 ; 
388 ; 

381 i 

382 ; 

383 i 

384 SRTBIT: 
385 

386 
387 



MAKE SURE WE'RE IN RBI 
RESTORE A 

RETURN WITH RESTORE 



********* 



GET HERE IF INTERRUPT IS FIRS1 FOR START BIT 
TXSTS AND SETUP TX TICK COUNTER. 



CLEAR START BIT FLAG IN 



ANL 
MOV 
MOV 
JMP 



a#NOT SBIT 
TXSTS, A 
R2,#81H 
RETURN 



RESET START BIT FLAG IN TXSTS 
RESTORE TX STATUS 
INITIALISE TX TICK COUNTER 
RETURN 



389 *EJECT 
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LOC OBJ SEQ SOURCE STATEMENT 

398 i 

392 i 

393 ; COMMAND RECOGNIZER - GET HERE FROM I BE WRITE WITH Fi SET. COMMAND 

394 i IS STORED IN R6. BAUD RA1E SELECTION BITS ARE EVALUATED RIGHT TO LEFT. 

395 ; THE FIRST SET BIT FOUND DETERMINES THE BAUD RATE. IF AN INVALID COMMAND 

396 ; IS DETECTED, BOTH Fl AND F8 ARE SET AW) NO ACTION IS TAKEN. 

397 ; THE TIMER BAUD RATE CONSTANT IS SET TO THO COUNTS LESS THAN THE DESIRED 

398 /NUMBER. 

399 i 

481 ; 

8188 482 ORG 8188H 

483 i 



8188 D5 


484 CMD: 


sa 


RBI 


SaECT RBI 


£M Q1 'JO 
OiOl 1LC 


485 




ThJ 

In 


A,DBB 


READ COMMAND 


zaa qo or 
olo<£ He 


486 




MOV 


R6,A 


SAVE COMMAND IN R6 


OA 0"> CW7 

oloi t-227 


487 




JB7 


IOER 


IF BIT 7 SET, 10 OPERATION 


8185 53E8 


488 




ANL 


A,#8EBH 


TEST TOP 3 BITS 


ol07 36iR 


489 




JNZ 


ERROR 


IF NON-ZERO, ERROR 


OA OO PC 

oiwy to 


418 




SEL 


RB8 


10 FLAG IN RB8 


818A 1221 


411 




JB8 


CMD2 ; IF BIT 8=1, OUTPUT PORT 


blot oyrr 


412 




ORL 


PI, #8FFH 


INPUT PORT, SET ALL HIGH 


124 OC CD 

Bloc J-fcf 


413 




MOV 


A, RXSTS 


GET RXSTS 


816F 53BF 


414 




ANL 


A,#NOT IODIR 


RESET 10 DIRECTION FLAG 


OA A A QD 
Will no 


415 




MOV 


RXSTS, A 


RESTORE RXSTS 


oTlz 


416 CMD1: 


sa 


RBI 


BAUD RATE CONSTANTS IN RBI 


Dili tXfdtt 


417 




MOV 


Rl, #TIMCON 


POINT AT TIMER CONSTANT LOCATION 


QA AC CC 

0115 re 


418 




MOV 


A,R6 


GET COMMAND 


OA AC 


419 




JB1 


B118 


118 BAUD SELECTED 


olio 0<;4d 


428 




JB2 


B388 


388 BAUD SELECTED 


olln fiTO 


421 




JB3 


B688 


,688 BAUD SaECTED 


811C 924A 


422 




JB4 


B1288 


, 1288 BAUD SELECTED 


811E B5 


423 




CPL 


Fl 


; RESET Fl 


811F 4414 


424 
425 




JMP 


MNLP1 


; DONE JUMP BACK TO MAIN LOOP 




426 


PORT 


IS SELECTED AS OUTPUT PORT 


- SET 10 DIRECT ION aAG 




427 










8121 F8 


428 CI1D2: 


MOV 


A, RXSTS 


;GET RXSTS 


8122 4348 


429 




ORL 


A,#IOOIR 


;SET 10 DIRECTION FLAG 


8124 AB 


438 




MOV 


RXSTS, A 


i RESTORE RXSTS 


8125 2412 


431 
432 




JMP 


CMD1 


; CONTINUE 




433 


HERE 


WITH EITHER 10 OR RESET ERROR COMMAND 




434 










8127 D231 


435 IOER: 


JB6 


ERRST 


> IF BIT 6 SET, RESET ERROR FLAGS 


8129 C5 


436 




sa 


RB8 


; 10 FLAG IN RXSTS 


812A FB 


437 




MOV 


A, RXSTS 


■GET RXSTS 


812B 4388 


438 




ORL 


A, tlOFLG 


;SET 10 FLAG 


812D AB 


439 




MOV 


RXSTS,A 


; RESTORE RXSTS 


812E B5 


448 




CPL 


Fl 


; RESET Fl 


812F 4414 


441 




JMP 


MNLP1 


iDONE, JUMP BACK TO MAIN LOOP 



442 ; 

443 i RESET ERROR COMMAND 

444 ; 
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loc oej 


5EQ 


SOURCE STATEMENT 




8131 C5 


445 ERRST: 


XJL 




; STS IN RB8 


9132 FF 


446 






;GET STS 


8133 533F 


447 


AM 

nnL 


fit ffO 1 tKK 


; RESET ERROR FLAGS 


8135 HF 


448 


NOV 


P7 Q 
Kf / n 


; RESTORE STS 


8136 98 


449 


MOV 


CTC 

Mb* n 


;L0BD STATUS 


8137 65 


458 


CPL 


rl 


, RESET Fl 


8138 4414 


451 


JHP 


MM) PI 


J DONE, BACK TO MAIN 




452 i 










453 ;COimAND ERROR 


- SET BOTH Fl 


AND F8 




454 ; 








813A 85 


455 ERROR: 


CLR 


F8 


;SET F8 


813B 95 


456 


CPL 


F8 




813C 4414 


457 


JHP 


MNLPi 


iDONEi BACK TO HAIN 



458 i 

459 i 118 BAUD CONSTANTS 
468 i 



813EB954 461 B118: NOV Rl, #-<174D-2D> ; LOAD 118 BAUD CONSTANT 

;W START TIMER 



;L0AD 388 BAUD CONSTANT 
;G0 START COUNTER 



;LOAD 688 BAUD CONSTANT 
;G0 START COUNTER 



; LOAD 1288 BAUD CONSTANT 



GET COUNTER CONSTANT 
LOAD COUNTER 
START COUNTER 
ENABLE 1INER INTERRUPTS 
RESET Fl 

DONE, BACK TO HAIN LOOP 

486 i 

487 *EJECT 



8148 244C 462 JMP STTIMR 

463 i 

464 i 388 BAUD CONSTANTS 

465 ; 

8142 B9C2 466 B388: NOV RL #-(64D-2D) 

8144 244C 467 J11P SIT MR 

468 i 

469 ;688 BAUD CONSTANTS 
478 i 

8146 B9E2 471 B688: NOV Rl, #-<32D-2D) 

8148 244C 472 JHP STTIHR 

473 ; 

474 i 1288 BAUD CONSTANTS 

475 ; 

814AB9F2 476 B1288: NOV RL#-(16D-2D) 

477 ; 

478 ; START COUNTER 

479 ; 



814C F9 


488 STTIHR: 


HOV 


A,R1 


814D 62 


481 


NOV 


T,A 


814E 45 


482 


STRT 


CNT 


814F 25 


483 


EN 


TCNTI 


8158 B5 


484 


CPL 


Fl 


8151 4414 


485 


JHP 


HNLP1 
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496 ; 

491 ;DATA ROUTINE - GtT HERE HITH IBF HRITE HUH Fl RESET. THIS ROUTINE 

492 i FIRST TESTS IF THE I/O FLAG IS SET IN THE RXSTS REGIS1ER. IF SO, THE DATA 

493 ; IS FOR THE OUTPUT PORT. OTHERWISE, THE DATA IS FOR THE TRANSMITTER AND 

494 ; IS PLACED IN THE TX BUFFER REGISTER. THE TXINT BIT AND PIN ARE RESET. 





495 ; 










496 ;****** 


******* 






497 ; 








8153 C5 


498 DATA: 


SEL 


DDO 




8154 FB 


499 


NOV 


A, RXSTS 


wt DVC1C 


8155 F267 


588 


JB7 


IODATA 


IF IU rLHu bt\> Lrlln IN rUK 1/U 


8157 FF 


581 


NOV 


A,R7 


GET STS 


8158 53DF 


582 


nPH. 


A, #NOT TXBIT 


RESET TXINT BIT IN STS 


815A HF 


583 


NOV 


R7,A 


RESTORE STS 


815B 98 


584 


NOV 


STS,A 


LOAD STATUS 


815C 9AF7 


585 


ANL 


P2,#N0T TXINT 


RESET TXINT PIN 


815E D5 


586 


sa 


RBI 


TXSTS IN RBI 


815F 22 


587 


IN 


A,DBB 


READ DATA 


8168 AC 


588 


NOV 


R4,A 


PUT DATA IN TX BUFFER 


8161 FD 


589 


NOV 


A,TXSTS 


GET 1XSTS 


8162 4382 


518 


ORL 


A,*REQFLG 


SET REQUEST FLAG IN TXSTS 


8164 AD 


511 


NOV 


TXSTS,A 


RESTORE TXSTS 


8165 4414 


512 


JMP 


MNLP1 


BACK TO MAIN LOOP 




513 ; 










514 ; 10 DATA ROUTINE 






515 i 








8167 537F 


516 IODATA 


ANL 


H,»NOT IOFLG 


; RESET 10 FLAG 


8169 AB 


517 


NOV 


RXSTS, A 


i RESTORE RXSTS 


816A 22 


518 


IN 


A,DBB 


j READ 10 DATA FRON DBBIN 


816B 39 


519 


OUTL 


PI, A 


iOUlPUT TO PORT 1 


816C 4414 


528 


JNP 


HNLP1 


; DONE, BACK TO MAIN LOOP 



521 ; 

522 IEJECT 
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APPENDIX C1 (Continued) 



LX OBJ SEC SOURCE STATEMENT 



523 i 

525 i w*m^*«^^**^«^*******»** 

526 i INITIALIZATION - GET HERE AT RESET. THIS ROUTINE RESETS THE INTERRUPT 

527 ; OUTPUTS AND ENABLES THEN, AND CLEARS THE APPROPRIATE STATUS AND DATA 

528 ; REGISTERS. 

529 > 

53i ; 



9288 




532 


ORG 


8288H 








533 i 








0288 


9AF7 


534 INIT: 


ANL 


P2,#0F?H 


;RESE1 TXIN1 PIN 


8282 


F5 


535 


EN 


FLAGS 


ENABLE IN1ERRUPTS OUTPUT 


8283 


2388 


536 


NOV 


A,tZER0 


CLEAR A 


8285 


AB 


537 


NOV 


RXSTS, A 


CLEAR RXSTS 


8286 


AD 


538 


NOV 


R5,A 


CLEAR RX TICK COUNTER 


828? 


AF 


539 


NOV 


R7,H 


CLEAR STS 


8288 


D5 


548 


SEL 


RBI 


SWITCH BANKS 


8289 


HE 


541 


MOV 


R6,A 


CLEAR CONFIGURE STORE 


828A 


BD84 


542 


NOV 


TXSTS,#MARK 


SETUP PIPELINED TX DATA 



543 ; 

545 ; 

546 ; MAIN LOOP - IBF AND OBF ARE HANDLED IN THIS LOOP. IF IBF=1, THE 

547 ; APPROPRIATE COMMAND OR DATA ROUTINE IS ACCESSED. IF IBF=8, THEN OBF 

548 ; IS TESTED. IF OBF=i, IBF IS TESTED AGAIN. AS SOON AS OBF=0, RXSTS 

549 ; IS EXAMINED TO SEE IF DATA IS WAITING FOR OU1PUT. WHEN RX DATA 

558 ; READV IS SET, F0 IS SET AND Fl IS CLEARED, AND THE DATA IS TRANSFERRED 

551 ;FROH THE RX HOLDING REGISTER INTO DBBOUT AFTER TESTING FOR ERROR 

552 ; FLAGS. ANV ERROR FLAGS SET ARE TRANSFERRED TO THE S1ATUS REGISTER. 

553 i IF THE I/O FLAG IS SET, THE PORT IS READ AND THE DATA TRflNSF ERRED TO 

554 ; DBBOUT. 

555 ; 

556 ; 

557 ; 



028C 


D614 


558 NNLOOP: JNIBF 


HNLPi 


IF IBF=8, TEST OBF 


828E 


7612 


559 


JF1 


CMDJ1 


IBF=L TEST Fl FOR COMMAND 


8218 


2453 


560 


JMP 


DATA 


Fl=8, JUMP TO DATA ROUTINE 


8212 


2400 


561 CMDJ1: 


JMP 


CMD 


OUT-OF-PAGE COMMAND JUMP 


8214 


868C 


562 MNLP1: 


JOBF 


NNLOOP 


WAIT UNTIL DBBOUT IS FREE 


8216 


C5 


563 


SEL 


RB8 


RXSTS IN RB0 


8217 


FB 


564 


MOV 


a RXSTS 


GET RXSTS 


8218 


721E 


565 


JB3 


RXRDV 


TEST RX DA I A READV FLAG 


821A 


F23C 


566 


JB7 


IOFLAG 


TEST 10 FLAG 


821C 


AAOT 


567 


JMP 


MNLOOP 


LOOP 






568 ; 












569 ;RX DATA READV 


- TRANSFER TO DBBOUT 






570 ; 








821E 


85 


571 RXRDV: 


CLR 


F8 ;SET F8 


821F 


95 


572 


CPL 


F8 




8228 


H5 


573 


CLR 


Fl 


RESET Fl 


8221 


922E 


574 


JB4 


RXF 


CHECK FRAMING ERROR FLAG 


8223 


FB 


575 RXRDV1: 


MOV 


A, RXSTS 


GET RXSTS 


8224 


B235 


576 


JB5 


RXO 


CHECK FOR OVERRUN ERROR 


0226 


FB 


577 RXRDV2. 


MOV 


A, RXSTS 


GET RXSTS AGAIN 
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l fa" 1 rot 

LUL UdJ 


cm 


SOURCE STATEMENT 






Dfo 


ANL 


H,#N0T (DATRDY OR FRflMER OR OVRUN) ; RESET SOME 


Q09Q QD 

otLtLj no 


Of J 


MOV 


DVCTS, fl 


RESTORE RXSTS 






MOV 


A.R4 


GET DATA FROM HOLDING REG 


OdiD IK 


58i 


OUT 


DBS, A 


PUT IN 0BB0UT 




582 


JMP 


HNL00P 


LOOP 




583 i 










584 i FRAMING ERROR 


FLAG SET 






585 i 








tU&C rr 


586 RXF: 


MOV 


A,R7 


GET STS 




587 


ORL 


fblFESTS 


SET FRAMING ERROR FLAG 


ocil nr 


588 


MOV 


R7,A 


RESTORE STS 


0232 90 


589 


MOV 


SIS.fl 


LOAD STATUS 


COll d49? 


598 


JMP 


RXRDY1 


CONTINIIF 




591 ; 










592 ; OVERRUN ERROR 


pi on ctT 






593 ; 








0*L>0 rr 


594 RXO: 


MOV 




utl bib 




595 


ORL 


lit tvijl 3 


3tl UYtKKUn tKKUK r Lra 


otLio nr 


596 


MOV 


R? ft 


KL_> 1 UKt DID 


Q97Q Qfl 


597 


MOV 


ctc a 


1 ran CTOTIIC 




598 


JMP 




KAMI INUt 




599 ; 










680 i 10 FUflG SET - 








681 ; 








OO^T 1 CD 

r-B 


682 IOFLflG 


MOV 


fli RXSTS 


GET RXS1S 




683 


JB6 


MNL0OP 


PORT IS 0U1PU1 - NO ACTION 




684 


CLR 


CO 

ro 


■ DCCCT ra 

;Kfc5ET r« 


«KW ro 


685 


CLR 


rl 


;SET Fl 


0241 65 


686 


CPL 


Fl 




0242 537F 


607 


ANL 


A,#N0T I0FLG 


i RESET 10 FLAG 


0244 flB 


688 


MOV 


RXSTS, fl 


; RESTORE RXSTS 


0245 09 


689 


IN 


A, PI 


iREAD PORT 1 


0246 02 


618 


OUT 


DBB.fi 


iPUT DATA IN DB80UT 


0247 440C 


611 


JMP 


MNLOOP 


iLOOP 




612 i 










613 


END 







USER SYMBOLS 



ASCMSK 007F 


B110 013E 


B1290 814fl 


B308 


0142 


RAM 

DOW, 


0146 


BFFLG 


WW 


CMD 


0100 


CMD1 


0112 


CMD2 0121 


CMDJ1 0212 


DATA 8153 


DftTRDV 




ERROR 


013A 


ERRST 


0131 


FESTS 


0040 


FRflMER 


0010 


INIT 0280 


INT1 0806 


IODfiTA 0167 


IODIR 


QOAQ 
TOW 


IOER 


0127 


IOFLAG 023C 


IOFLG 




HflRK 


0004 


MKOUT 8001 


MNL0OP 020C 


MNLP1 0214 


MOUT 


8819 


OVRUN 


0020 


OVSTS 


8080 


RCV 


001B 


RCVl 


0826 


RCV2 8033 


RCV3 0838 


RCV4 0042 


RCV5 


884D 


RCV6 


0051 


RCV7 


0855 


RCV8 


0060 


RCV9 




REQFLG 0602 


RESET 8080 


RETURN 0060 


RSTERR 003F 


RXF 


022E 


RXFLG 


0801 


RXINTL 


0038 


RXO 


8235 


RXROV 021E 


RXR0V1 0223 


RXRDV2 8226 


RXSTS 


0883 


SBIT 


0008 


SPACE 


08FB 


SP0U1 


00FE 


SRTBIT 00B3 


SRTFLG 8802 


STPEND 0024 


STTIMR 814C 


TICOUT 0040 


TICSRT 0084 


TIMCON 0020 


TIMINT 8807 


1XBIT 


0028 


TXEND 8828 


TXFLG 0801 


TXINT 8008 


TXOUT 


0012 


TXSTS 


0805 


TXTIC 


0002 


XMT 


woo 


XMU 


0081 


XHT2 008C 


XMT3 8897 


XMT4 009C 


XMT5 


06A8 


ZERO 


attM 















ASSEMBLV COMPLETE, NO ERRORS 
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APPENDIX C2 



loc oej 


SE8 


SOURCE STATEMENT 






1 

2 


;TEST ROUTINE WHICH OUTPUTS THE ASCII CHARACTER SET TO THE 




3 


;UPI TRANSMITTER AND DISPLAYS ON THE 80/38 CONSOLE ANY 




4 


; CHARACTERS RECEIVED BY THE UPI RECEIVER. 




5 
6 


; INPUTS 


: NOTHINQ 






7 


i OUTPUTS: CHARACTERS TO CONSOLE 






8 
9 


;CALLS: 


NOTHING 






4088 


10 


P 


ORG 


4008H 




eecf 


11 


M0DE53 


EQU 


8DFH 


8253 CONTROL PORT 


98DC 


12 


CNT8 


ECU 


8DCH 


8253 CNT 8 PORT 


88E5 


13 


CUD 


EQU 


8E5H 


UPI COMMAND PORT 


88E5 


14 


STATUS 


EQU 


8E5H 


UPI STATUS PORT 


88E4 


15 


DBBIN 


EQU 


BE4H 


UPI DBBIN PORT 


88E4 


16 


DB80UT 


EQU 


8E4H 


UPI DBBOUT PORT 


8828 


17 


TXINT 


EQU 


28H 


TXINT MASK 


8881 


18 


OBF 


EQU 


01H 


OBF MASK 


8882 


19 


IBF 


EQU 


02H 


IBF MASK 


88ED 


20 


STAT51 


EQU 


8EDH 


8251 STATUS PORT 


88EC 


21 


DATA51 


EQU 


8ECH 


8251 DATA PORT 


acta a 


22 
23 


TXRDY 


EQU 


01H 


8251 TXRDY MASK 


4888 3E36 


24 


START: 


HVI 


A,36H 


8253 CNT8 MODE WORD 


4882 D3DF 


25 




OUT 


MODE53 


8253 CONTROL PORT 


4884 3E18 


26 




MVI 


M8H 


DIVIDE BY 16D 


4886 D3DC 


27 




OUT 


CNT8 


8253 CNT8 PORT LSB 


4888 3E88 


28 




MVI 






488A D3DC 


29 




OUT 


CNT8 


8253 CNT8 PORT MSB 


488C 8628 


38 




HVI 


B<28H 


INITIALIZE OUTPUT CHR 


488E 3E18 


31 




MVI 


A, 1BH 


CONFIGURE COMMAND - 1288 BAUD 


4818 D3E5 


32 




OUT 


HMD 

urn/ 


UPI COMMAND PORT 


4812 DBE5 


33 


pro 1 1 ■ 


Iff 


Jin) Uw 


READ UPI STATUS 


4814 E621 


34 




AN I 


TXINT OR OBF 


TEST TXINT AND OBF 


4816 CA1240 


35 




JZ 


PCU1 


MBIT UNTIL ONE IS SET 


4ei9 DBE5 


36 




IN 


STATUS 


READ UPI STATUS AGAIN 


481B E681 


37 




ANI 


OBF 


HAS IT OBF? 

MTU 1 1 1ST f 


401D C23848 


38 




JNZ 




> YES, GO DO RECEIVER 




39 








NO. MUST BE TRANSMITTER 


4028 78 


40 




MOV 


A,B 


GET NEXT CHR FOR OUTPUT 


4021 D3E4 


41 




OUT 


DBBIN 


OUTPUT TO UPI DBBIN 


4023 FE5A 


42 




CPI 


'V 


HAS IT LAST CHR? 


4025 CA3340 


43 




JZ 


NEUB 


YES, RESET REG B 


4028 04 


44 




INR 


B 


; OTHERWISE, INC B 


4829 DBE5 


45 


P0LL2: 


IN 


STATUS 


i TEST IF IBF STILL SET 


402B E682 


46 




ANI 


IBF 


i TEST IBF 


482D C22948 


47 




JNZ 


P0LL2 


iHHIT UNTIL IBF=8 


4838 C31248 


48 
49 




JMP 


POLLL 


; BEFORE LOOKING AT STATUS AGAIN 


4833 8628 


58 


i 

NEUB: 


MVI 


B» 28H 


-RESET REG. B 


4835 C32948 


51 




JMP 


P0LL2 


;G0 BACK 




52 


i 
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LOC OBJ 



SEQ 



SOURCE STATEMENT 



4838 DBE4 
483H 4F 
4038 DBED 
483D E681 
483F CA3B48 

4842 79 

4843 D3EC 
4845 C31248 



53 RX: 
54 

55 RX1: 



56 
57 
58 
59 
68 
61 i 



IN 

HOV 

IN 

ANI 

JZ 

HOV 

OUT 

JHP 



D880UT 

a ft 

STAT51 



DATA51 
POUi 



TXRDV 

RXi 

A,C 



REflO OBBOUT FOR RECEIVED CHR 

SAVE IT IN C 

REftO 8251 STATUS 

TEST TXRDV 

HflIT UNTIL READV 

GET CHR 

OUTPUT CHR TO CONSOLE 
GO TEST UPI AGAIN 



62 END 



PUBLIC SYMBOLS 



EXTERNAL SYMBOLS 



USER SYMBOLS 

CUD A 88E5 CNT8 A 88DC DATA51 A 88EC DBBIN A 88E4 DBBOUT A 88E4 1BF H 8882 M0DE53 A 88DF 

NEHB A 4833 OBF A 8081 P0LL1 A 4812 P0LL2 A 4829 RX A 4838 RXI A 4838 START A 4888 

STAT51 A 88ED STATUS A 88E5 TXINT A 8828 TXRDV A 8881 

ASSEMBLY COMPLETE, NO ERRORS 
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INTRODUCTION 

The UPI-41 is a low-cost, single-chip microcom- 
puter designed to be used as a universal peripheral 
interface device in a microcomputer system. The 
device is based on a completely self-contained 8-bit 
microcomputer with program memory, data mem- 
ory, CPU, I/O, event timer, and clock oscillator, in 
a single 40-pin package. A bus interface is included 
which enables the UPI-4 1 to be used as a peripheral 
controller in MCS-48, MCS-80, MCS-85 and other 
8-bit microcomputer families. The device is de- 
signed for keyboard scanning, printer control, dis- 
play multiplexing and similar applications which 
involve interfacing peripheral devices to microcom- 
puter systems. 

The UPI-41 is fabricated with N-channel MOS tech- 
nology and requires only a single 5-volt supply for 
operation. It has IK words of program memory 
and 64 words of data memory on-chip. Both ROM 
(8041) and EPROM (8741) versions are available 
and the two are completely pin compatible. The 
instruction set of the UPI-4 1 is almost identical to 
that of the MCS-48. A single byte data register on 
the UPI-41 interfaces directly to an 8-bit master 
processor bus to handle asynchronous data transfer 
to and from the master system. A separate 4-bit 
register is used to indicate the status of data trans- 
fer. Two 8-bit TTL-compatible I/O ports plus two 
single-bit test inputs are available. I/O can be 
expanded further by using the 8243 I/O expander 
device. A separate register in the UPI-41 is used as 
an event counter or interval timer. 

Because it is a complete microcomputer, the 
UPI-41 provides more power and flexibility than 
conventional LSI interface devices. For instance, 
the UPI-41 can be programmed as a peripheral 
interface for any of the low-cost drum or dot 
matrix printers currently on the market. In addi- 
tion to controlling the printer, the UPI-41 can 
handle zero suppression, limit-checking, formatting 
and other computations, thereby unburdening the 
master processor. This type of distributed intelli- 
gence, made possible by the UPI-41, greatly en- 
hances overall system capability while reducing 
cost and development time. 

This application note describes how the UPI-41 can 
be used to implement an interface to a matrix 
printer. The printer chosen is fairly typical of a 
large class of printers which minimize total system 
cost by reducing the mechanical content at the 
expense of more sophisticated electronic require- 
ments. The UPI-41, with its high degree of capabil- 



ity, is ideal for this type of application. It is sug- 
gested that the reader not already familiar with the 
UPI-41 read the "Intel UPI-41 User's Manual" 
before proceeding in this document. 

THE LRC PRINTER 

The LRC Model 7040 printer is a matrix printer 
manufactured by LRC Inc. of Riverton, Wyoming. 
Capable of printing up to 40 columns of alpha- 
numeric information, this printer is mechanically 
simple and should be ideal for a variety of applica- 
tions such as point of sale terminals and data 
logging. While this note concentrates on the Model 
7040 printer, the techniques discussed should be 
applicable to a variety of similar printers which are 
currently available. 

The printer (Figure 1) consists of four major sub- 
assemblies, the frame, the print head, the main 
drive, and the paper handling components. The 
frame is an aluminum extrusion which provides a 
suitable base for mounting the various components 
of the printer. The print head consists of seven 
solenoids which each drive stiff wires to impact the 
paper through the inked ribbon. At the solenoid 
end of the print head these wires are arranged in a 
circular fashion. Where these wires impact the 
printer, however, the wires are arranged in a 
vertical column. To see how this arrangement can 
be used to print alphanumeric characters refer to 
Figure 2. The figure shows a 5 X 7 matrix of 
"dots". The columns are labeled CI through C5; 
the rows are labeled as Row 1 through Row 7. 
Each row corresponds to one of the solenoid- 
driven wires. The entire print head assembly is 
moved left to right across the paper so that at Tj it 
is over CI, at T2 it is over C2, and so on. If the 
correct solenoids are activated at each of these 
times (Tj— T5) then a character can be formed. 
Figure 2 shows the character "A" formed. At Tj 
solenoids one through five were active, at T2 sole- 
noids four and six were active, and so on until the 
complete character was formed. The complete 
character is formed by choosing the correct pattern 
of active solenoids for each of five instants in time. 

The print head is moved across the paper by the 
main drive. The main drive consists of a 24-pole 
synchronous motor which drives a rotating plastic 
drum. The drum has a spiral groove molded into it. 
A pin attached to the print head rests in this 
groove so that as the drum rotates at a constant 
speed the print head is driven back and forth across 
the paper. Printing is accomplished by controlling 
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the activation of the solenoids as the print head is 
driven from left to right across the paper. When the 
end of the print area occurs the spiral groove 
reverses the direction of the head motion. As the 
left-hand edge of the paper is reached a cam 
attached to the drum activates the HOME micro- 
switch and the groove again reverses the motion 
of the head. When the print head is again over the 
print area and travelling in the left to right direc- 
tion the microswitch is deactivated. The printer 
controller uses the trailing edge of the signal gener- 
ated by the microswitch to initiate the printing of 
a new line of information. 

Paper feed is accomplished by a second synchro- 
nous motor which can be activated to feed paper 
through the mechanism. A switch is provided 
which is activated while the actual line feed is 
occurring. The control logic can use the trailing 



edge of the signal generated by this switch to turn 
off the line feed motor. A version of the printer 
with automatic line feed is available. 

INTERFACE SIGNALS 

The interface signals to the printer consists of a 
pair of wires for each solenoid, a pair of wires for 
each motor (main drive and line feed), a pair of 
wires returning the state of the HOME micro- 
switch, and a pair of wires returning the state of 
the LINEFEED microswitch. 

The solenoids must be driven from a 40 +4 volt 
source. The peak current is approximately 3.6A, 
the average current is approximately 0.5A. A 
circuit providing the required drive is shown in 
Figure 3. The output stage, consisting of the 
2N6045 Darlington transistor, the 1N4002 catch- 
ing diode, and the 20-ohm damping resistor, is the 
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Figure 1. LRC Model 7040 Printer 
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one suggested by the manufacturer of the printer. 
The input stage is a discrete implementation of a 
DTL gate. Note that the base-emitter junction of 
the 2N6045 will protect the 2N2222A transistor 
from over-voltage on its collector. This circuit has 
several features which are important to the printer 
interface: 

1 . All solenoid power (including the power used 
to drive the base of the power transistor) is 
derived from the 40-volt supply. 

2. Disconnecting the drivers from the UPI-41 or 
the loss of the 5-volt supply to the UPI-41 
will result in the solenoids being turned off. 
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Figure 2. 5 x 7 Dot Matrix 



The first feature of the drivers will minimize the 
impact of the printer and its interface on the 5-volt 
supply of the system. The second feature prevents 
the activation of the solenoids erroneously during 
power on/off cycles or during system checkout. 
This is an important point since the solenoids will 
be damaged if left activated continuously. (During 
the debug of the design described in this note 
fuses were added to the solenoid drivers to protect 
them from mishap.) 

The two motors can each be driven as shown in 
Figure 4. The Monsanto MCS-6200 is an optically- 
coupled TRIAC which is ideal for driving the small 
synchronous motors in the printer. Coupled with a 
buffer this part provides a simple means of con- 
trolling the motor without sacrificing the isolation 
required for safe and reliable operation. 

Figure 5 shows a UPI-41 used as an interface be- 
tween an Intel® 8085 and an LRC Model 7040 
printer. The drivers which have already been 
described have been used to interface the TTL 
outputs of the 8741 to the levels required by the 
printer. The two contact closure outputs from the 
printer (PAPERFEED and HOME) have been 
filtered and applied to the TESTO and TEST1 
inputs of the UPI-41. Bit 5 of output port 2 has 
been designated as an interrupt pin which will be 
used to request service from the 8085. 





Figure 4. Motor Driver 
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Figure 5. SDK-85 + UPI-41 
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TIMING 

The relative timing of the interface signals to the 
printer is shown in Figure 6. Actual printing com- 
mences when the main drive switch signal goes into 
the print ready state. This edge indicates that the 
print head is scanning across the paper in the left 
to right direction and that the printer is ready to 
start the actual printing of characters. When this 
edge occurs the UPI-41 must start transmitting 
pulses to each of the seven solenoids. The timing 
for these pulses is shown on the last line of Figure 
6. A pulse of about 400 microseconds is used to 
generate a dot on the paper; a pause of about 900 
microseconds between these pulses satisfies the 
duty cycle restrictions of the solenoids and pro- 
vides a space between dots. Since the printer does 
not provide any feedback to the UPI-41 which 
would indicate the position of the print head, it is 
necessary for the UPI-41 to decide when to fire 
each solenoid based on timing information it main- 
tains internally. The specifications of the printer 
allow 310 milliseconds for the print head to 
traverse the print area. The maximum repetition 
rate at which the solenoids can be fired is once 
every 1 .3 milliseconds. The maximum number of 
dots that can be printed in the available print area 
is then 310/1.3 = 238. After the last dot has been 
printed the line feed motor can be activated. The 
motor should remain activated until the line feed 
switch makes the off to on to off transition; this 
takes about 200 milliseconds. After the line feed 
motor is deactivated the next time of interest is 
when the main drive signal goes to the inactive 
state. At this point the printing of a complete 
line, including the necessary line feed, has been 
accomplished and the UPI-41 must prepare itself 
for the reactivation of the main drive switch. 
The activation of this switch will indicate that the 
printing of the next line can commence. 



SOFTWARE 

The software system necessary to drive the LRC 
printer can be thought of as two main parts, each 
with an associated data structure. A block diagram 
of the system is shown in Figure 7. All the items 
shown above the dotted line are associated with 
the BUFFER MANAGER (BMGR) program part. 
All items shown below the dotted line are associ- 
ated with a PRINTER SERVICE ROUTINE (PSR). 
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Figure 6. Printer Timing 
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Figure 7. Software Block Diagram 
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The BUFFER MANAGER is responsible for all 
interaction with the master processor (i.e., the 
8085 in Figure 5). The data structure associated 
with BMGR is a 40-character buffer which is used 
to store the characters as they are received from 
the master processor. BMGR maintains two 
pointers which are used to access the buffer; these 
pointers are shown as INPUT POINTER and OUT- 
PUT POINTER in the diagram and are imple- 
mented as UPI-41 registers Rrj and Rj, respectively. 
The input pointer (INPNT) is kept pointing to the 
last character loaded into the buffer, the output 
pointer (OUTPNT) is kept pointing to the next 
character to be printed. BMGR has two major 
interfaces, the INPUT BUFFER, which is used to 
communicate with the master processor, and the 
register shown in the figure as OUTPUT BUFFER. 
This register, which is implemented with register 
R3 of the UPI-41, is used to communicate with the 
printer service routine (PSR). A character to be 
printed is placed in the output buffer (OBUF). 
When PSR is ready to print the character it moves 
it from OBUF to its own buffer (PBUF) which is 
labeled as PRINT BUFFER in the diagram. After 
the character is moved the output buffer is over- 
written by a predetermined value which indicates 
that PSR has accepted the character. BMGR will 
load a character into the output buffer only if it 
currently is equal to this value. 

The printer service routine utilizes the TIMER to 
keep track of the current position of the print 
head. At the appropriate times it causes the sole- 
noid drivers to be pulsed so that the character 
stream it sees in PBUF is printed. Based on the 
contents of PBUF and the contents of ICNT, 
which indicates the active column of the current 
character, PSR looks up the appropriate column 
data to be printed in the character generator tables. 
This data is stored in the HAMMER BUFFER until 
the precise time that it should be presented to the 
hammer drivers via the I/O bits in PORT 1 . ICNT 
and the HAMMER BUFFER are implemented as 
UPI-41 registers 5 and 7, respectively. 

DETAILS OF THE BUFFER MANAGER 

Before BMGR can be discussed in detail, the man- 
ner in which it utilizes the character buffer must 
be understood. Figure 8 shows the operation of the 
buffer while two lines of data are input to the 
UPI-41 and subsequently printed. In order to keep 
the discussion manageable, this figure is drawn as if 
the printer were capable of printing only four 



characters per line. The two lines of characters to 
be printed are: 

ABCD 
1234 
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Figure 8. Buffer Operation 



It should be noted that the buffer contains 5 bytes, 
one more than the number of print positions. The 
extra byte is a "phantom address" which, when 
pointed to by the output pointer, indicates that 
the section of BMGR which services the printer 
service routine is inactive. This state must be 
allowed because the actual print operation cannot 
begin until the complete line has been input to the 
buffer. If this rule were not enforced, some under- 
run protocol would have to be established to 
handle the situation of the input stream from the 
master processor failing to keep up with the print 
head. 

Figure 8a shows the buffer in its initial state. The 
input pointer is set to the last real position in the 
buffer and the output pointer is set to the phan- 
tom position. Figures 8b through 8f show the 
operation of the pointers as the characters "A", 
"B", "C", and "D" are loaded. In each case the 
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input pointer is incremented to point to the next 
available location and then that location is loaded 
with the character. The position of the output 
pointer is not changed until the last position of the 
buffer has been loaded. When this occurs, the out- 
put pointer is set to point at the first character of 
the buffer. The operation of the pointers thus far 
can be described by the following algorithm: 

INITIAL: 

INPOINT:=BUFFER_MAX; 
OUTPOINT:-BUFFER_MAX+1; 

LOOP: 

IF CHAFtACTER_ AVAILABLE THEN 
BEGIN 

INPOlNT:HINPOINT+1) MOD BUFFER_ LENGTH; 
BUFFER! I NPOINTI:=CHARACTER; 

IF INPOINT-BUFFER_MAX THEN OUTPOINT:-BUFFER_MIN; 
END: 

GOTO LOOP: 
END; 

Obviously, if this loop were allowed to continue, 
the buffer would be overwritten by the next line of 
text before the first could be printed. This can be 
prevented by modifying the algorithm as follows: 



LOOP: 

IF CH ARACTER_AVAI LABLE THEN 
BEGIN 

TEMP: = (INPOINT+1) MOD BUF FER_ LENGTH; 

IF TEMPOOUTPOINT THEN 

BEGIN 

INPOINT:-TEMP; 

BUFFER! INPOINTI -CHARACTER; 

IF INPOINT=BUFFER_MAX THEN OUTPOINT: = BUFFER_MIN; 
END; 
END; 

GOTO LOOP; 

This modification will "freeze the action" at Fig- 
ure 8f until the output pointer is incremented. 
When this occurs the input procedure will immedi- 
ately load the input data over the character that 
was just printed (assuming that data is available to 
the procedure at a higher rate than can be printed). 
The defined interface with the printer service rou- 
tine allows a character to be removed from the 
buffer and placed in the output buffer whenever 
the output buffer contains the value placed there 
by the PSR, indicating that it has accepted the 
character that was previously in the output buffer. 
If this value is called EMPTY_FLAG then the 
complete buffer handling procedure can be defined 
as follows: 



INITIAL: 

INPOINT:=BUFFER_MAX; 
OUTPOINT:=BUFFER_MAX+1; 

LOOP: 

IF CHARACTER_AVAI LABLE THEN 
BEGIN 

TEMP:=(INPOINT+1) MOD BUFFER_LENGTH; 

IF TEMPOOUTPOINT THEN 

BEGIN 

INPOINT:=TEMP; 

BU F F ER ( I NPO I NT) "CHARACTER; 
IF INPOINT=BUFFER_MAX THEN 
OUTPOINT:=BUFFER_MIN; 

END; 

IF OUTPUT_BUFFER=EMPTY_FLAG THEN 
BEGIN 

IF OUTPOINT<=BUFFER_MAX THEN 
BEGIN 

OUTPUT_BUFFER:=BUFFER(OUTPOINT); 
OUTPOINT:»OUTPOINT+1; 
END; 
END; 
END; 

GOTO LOOP: 

Examination of Figures 8g through 8r will show 
how this algorithm maintains the buffer. If there is 
an open position and a character is available, it is 
placed in the buffer. When a complete line is in the 
buffer, printing is initialized by setting the output 
pointer to BUFFER_MIN. As the last character of 
a line is printed, the output pointer is incremented 
to point at the "phantom location" until the next 
line is completely entered. It should also be noted 
that if the input stream is faster than the print 
operation, then after the last character of a line is 
printed only one character need be input before 
printing can resume (see Figures 81, m, and n). 
Frame r shows that after all available characters 
have been printed the state of the buffer is the 
same as it is initially. This is obviously a desirable 
feature. 

The flowcharts for the complete BUFFER MANA- 
GER are shown in Figures 9a and 9b. The corre- 
sponding code can be found starting at label 
BMGR of the program listings (see appendix). The 
flowcharts follow the algorithm that has been dis- 
cussed very closely. Some additions have been 
made to implement logic not associated with the 
buffer. The first difference is that when a byte is in 
the input buffer it is tested to determine whether 
it is a command byte or a data character before 
further action is taken. Only two commands are 
recognized; one to set, and one to reset, the in- 
ternal interrupt enable flag. This flag, which is 
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implemented as bit zero of PORT2 determines 
whether or not the UPI-41 will assert an interrupt 
to the master processor when it is able to accept 
a new character. Two additional deviations can be 
noted in Figure 9a; the first is that the motor of 
the printer will be turned on whenever a data 
character is received, the second is that if an end of 
line code (i.e., an ASCII line feed) is received, then, 
instead of storing it in the buffer, a mode is en- 
tered which fills the remaining buffer locations 
with space characters. This mode is enabled by bit 
one of PORT2. Note that utilizing otherwise 
unused bits of PORT2 for program status allows 
convenient testing and setting by the software and 
also enables external monitoring of the program 
operation. 




The last addition to the algorithm can be seen in 
Figure 9b where instead of going directly back to 
the start of the program after servicing the printer, 
a test is made to determine if the interrupt to the 
master processor should be asserted. This interrupt 
is set if the enable bit is set and there is also room 
in the buffer for at least one more character. After 
this test, control is passed back to the beginning 
of BMGR. 
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Figure 9a. Buffer Manager Flowchart 
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Figure 9b. Buffer Manager Flowchart 



PRINTER SERVICE ROUTINES 

The Printer Service Routine must convert the char- 
acters given to it by the Buffer Manager into an 
appropriately timed stream of pulses to the sole- 
noids. Because the PSR is extremely time- 
dependent, it was implemented as an interrupt- 
driven routine which is given control when the 
timer overflow occurs. This allows exact timing 
of the solenoid firings without requiring software 
delay loops. If the timing had been generated by 
such loops, synchronization would have been lost 
when the delay loops were interrupted in order to 
service the master processor. 
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If a hardware design of a controller for the printer 
were being undertaken, a convenient place to start 
would be to generate a state transition diagram 
which shows all the states that can be entered and 
how control can transfer from state to state. This 
hardware design technique is often useful in soft- 
ware design and was, in fact, used to develop the 
PSR. The state diagram of the PSR is shown in 
Figure 10. A total of eight states are necessary to 
implement the printer control function. Before 
discussing this diagram further, each of these states 
must be defined. 

WPA: The WPA (Wait for Print Area) state is 
the state in which the system waits for 
the input from the printer which indi- 
cates that it is ready to start the actual 
printing of data. 

TP A: During the TP A (Test Print Area) 
state the system digitally filters the 
signal from the printer to ensure that 
contact bounce is not causing an er- 
roneous indication that the print area 
has started. 

IPO: Transfer to the IPO (Initialize Print 
Operation) state occurs after the posi- 
tioning of the print head over the 
print area has been verified. During 
this state the system initializes itself 
to start printing a line of text. 

ICOL: The ICOL (Inter Column) state is used 
to time the period between the activa- 
tion of the hammers. During this state 
the space between the dots of the 
characters is generated. 



PCOL: During the PCOL (Print Column) state 
the hammers are energized if the par- 
ticular character being printed re- 
quires a dot in the corresponding posi- 
tion. 

ICHAR: The ICHAR (Inter Character) state is 
active between characters on a given 
line. 

WFON: During the WFON (Wait for Feed On) 
state the system waits for the asser- 
tion of the feed pulse from the print- 
er. This signal indicates that the 
process of feeding paper is occurring. 

WFOFF: The system remains in the WFOFF 
(Wait for Feed Off) until the feed 
pulse goes inactive. This indicates that 
the required paper feed operation has 
been completed. 

The state diagram, in addition to defining the 
allowable states, also defines how state to state 
transitions can be made. The general structure of 
this diagram shows that PSR is initiated by the 
occurrence of the timer overflow interrupt. When 
the interrupt occurs the contents of the HAMDAT 
(HAMmer DATa) register are immediately trans- 
ferred to PORT1 which causes the hammer sole- 
noids to be activated. Each of the eight possible 
states sets data into the register which should be 
output at the next timer overflow occurrence and 
starts the timer operating in a mode which will 
result in the main program (BMGR) being inter- 
rupted at the proper time. The following para- 
graphs describe the operation of each of the states 
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TPA = TEST PRINT AREA 

IPO 5 INITIALIZE PRINT OPERATION 
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Figure 10. Print Control State Transition Diagram 
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in detail. The flowcharts of the routines can be 
found in Figure 1 1 . 

The WPA, CPA, and IPO states are all associated 
with the detection of the valid start of the print 
area. The WPA state sets the timer in the event 
count mode so that the edge of the print area 
signal can be detected, the CPA state digitally 
filters this input once it has been detected to 
ensure that noise has not caused a false input, and 
finally, the IPO state initializes the system to start 
the actual printing of data. The flowchart shows 
that the WPA state accomplishes the following 
actions: 

1 . Turns off the paper feed motor 

2. Sets the filter count (for the CPA state) 

3. Sets H AMD AT to zero 

4. Sets STATE to one. 

The timer is set to event count with an initial value 
of OFFH. This will cause a timer overflow interrupt 
the next time a negative transition occurs on the 
TEST1 input. Since this input is tied to the signal 
from the PRINT AREA switch, this interrupt 
should occur when the start of the print area is 
reached. The WPA state sets the STATE register to 
cause the TPA state to be entered when this inter- 
rupt occurs. Each time the TPA (Test Print Area) 
state is activated the software checks to ensure that 
the print area switch is in the proper state; if it is 
not, then all the actions of state zero are repeated 
(except turning off the motor), since a false start of 
print area has occurred. If the test reveals that the 
print area switch is in the proper state, then the 
filter count is reduced by one and the timer is 
started with an initial value of OFFH, the minimum 
attainable timer increment. The STATE register is 
set to repeat the TPA state unless the filter count 
has reached zero; when this occurs the IPO state is 
selected. The IPO state, which is responsible for 
the initialization of the actual print operation, first 
tests the output buffer register to determine if 
there is any data for it to print. If this test is unsuc- 
cessful the printer main drive motor is turned off, 
the TPA state is reinvoked and the timer is started 
in the event count mode so that it can detect the 
next start of print area. At first glance this seems 
somewhat fruitless since the event required cannot 
happen if the motor is not turning. By referring 
back to Figure 9, however, it can be seen that 
BMGR turns on the motor whenever it has a data 
character from the master computer. The reception 
of a character will always allow the PSR to find the 
next print area. If, when the IPO state makes its 



test, there is data in the output buffer then the 
data is moved to the print buffer and the output 
buffer is set to the empty value. After this is ac- 
complished, a counter is set to the number of col- 
umns to be printed per character (seven in this case 
— see comment by CGEN label in program listing), 
the STATE register is set to the ICOL state and the 
timer is set to time the intercolumn time. (The 
intercolumn time is the time that elapses between 
each possible column of the character.) Before 
exiting from this state the first column of data for 
the hammbers is generated by the COLUMN rou- 
tine and placed in the HAMDAT register. 

The three states already discussed set the printer 
up so that it is ready to print. The next three states 
are repeated sequentially until the entire line of 
data has been printed. The ICOL state is probably 
the simplest of the states. When it is invoked the 
hammers have just been fired by the entry into the 
PSR. All that the ICOL state does is to set the 
timer to time the proper duration of the hammer 
strikes, clear the HAMDAT register, and set the 
STATE register to the PCOL state. The PCOL 
state, only slightly more complicated than the 
ICOL state, first decrements the column count. If 
the end of a character is detected (count equal 
zero), the HAMDAT register is cleared and the 
STATE register is set to invoke the ICHAR state. 
If the end of a character is not detected then the 
COLUMN routine is again used to determine the 
next data to be sent to the hammers and the ICOL 
state is reinvoked. When the ICOL state is active 
two things can happen, depending on whether 
there is more data to print. If there is data in the 
output buffer then a series of actions similar to 
those of the IPO state occur to reinitialize the 
printing of a character; if there is no more data in 
the line then the paper feed motor is turned on, 
HAMDAT is cleared, and the STATE register is set 
to the WFON state. The timer is set for approxi- 
mately one millisecond so that the state of the 
paper feed switch can be sampled periodically by 
the WFON and WFOFF states. 

The WFON and WFOFF states continue to set the 
timer to the one millisecond sample rate, the 
WFON state reinvokes itself until the paper feed 
switch input is detected and then it invokes the 
WFOFF state. The WFOFF state reinvokes itself 
until the paper feed switch is detected in the off 
state and then invokes the WPA state. The sole 
purpose of the WFON and WFOFF states is to 
ensure that an off to on to off transition occurs on 
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the next line of data. 
CONCLUSION 

The UPI-4 1 has been shown to be easily capable of 
controlling the LRC matrix printer with no ex- 
ternal logic other than drivers and receivers. The 
program listings which implement the algorithms 
discussed are shown in Appendix A. It should be 
noted that no attempt has been made to minimize 
the amount of code in the program; the emphasis 



significantly reduce the amount of code space 
needed, especially in the printer service routine 
which duplicates much code in each STATE. Even 
with this relatively loose coding the printer control 
function, including the complete character tables, 
easily fit within the memory available in the 
UPI-4 1 . The extra room in memory could be used 
to implement such extra features as tabulation, 
printing prestored messages, or even limited 
graphic capabilities. The power and flexibility of 
the UPI-4 1 make such features easy to implement. 
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Figure 11. PSR Flowchart 



APPENDIX 



ISIS-II 8048 ASSEMBLER, VI. 1 

LRC PRINTER CONTROLLER 7/14/7 



LOC OBJ 



0007 
0006 

0004 
0003 
0002 
0001 



FFFE 
FFFD 
FFF8 
FFFA 



00FF 
0007 
00 7F 
00BF 
0001 
0002 
000A 

83 

0020 
0018 

m 



i 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

ii 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

a 

33 
34 
35 
36 
37 
38 
39 

a 

42 
43 
44 
45 
46 

n 

49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

ft 
73 
74 
75 
76 
77 



SOURCE STATEMENT 



********************************************************************* 
UPI-41 LRC PRINTER CONTROLLER 

THIS PROGRAM IMPLEMENTS THE CONTROL OF THE 
LRC PRINTER WITH THE UPI-41. DATA IS INPUT TO THE 
UPI-41 AS SIX BIT ASCII. COMMANDS ARE PROVIDED 
TO ENABLE OR DISABLE THE GENERATION OF AN 
INTERRUPT WHEN THE UNIT IS READY 

FOR ANOTHER DATA CHARACTER. THE INTERRUPT IS ENABLED 
BY OUTPUTING 03H TO THE CONTROL CHANNEL AND DISABLED 
BY OUTPUTING 02H. WHEN ENABLED THE INTERRUPT 
IS IMPLEMENTED AS A POSITIVE GOING EDGE ON P25. 

NOTE: A PL/M LIKE LANGUAGE WAS USED TO COMMENT 

THIS PROGRAM. NO COMPILER EXISTS FOR THE UPI-41. 
THE COMMENTS WERE 'HAND COMPILED' INTO UPI-41 
ASSEMBLY LANGUAGE. 

;********************************************************************* 



REGISTER ASSIGNMENTS 
************************************************************************** 



R7 
R6 

r1 

R3 
R2 
Rl 
R0 



*********************************************************************** 
TIMER EQUATES 

*********************************************************************** 

TICK EQU 160 

THON EQU -320/TICK 

THOFF EQU -480/TICK 

TINTER EQU -1280/TICK 

TLFEED EQU -1000/TICK 

FILTV EQU 640/TICK 

*********************************************************************** 
PROGRAM MASKS 

*********************************************************************** 




EMTFLG EQU 
IMAX EQU 
PFEED EQU 
MCTON EQU 
INTENA EQU 
FMODE EQU 
EOL EQU 
EXCLAIM EQU 
SPACE EQU 
EQU 



EJECT 



0FFH 

07H 

7FH 

0BFH 

01H 

02H 

0AH 

021H 

20H 

20H 

18H 

18H 

3FH 
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mm 

mm 1416 

0002 3479 

0004 25 

0005 2400 



0007 2F 

0008 37 

0009 39 
000A FE 
000B 030E 
000D B3 
000E 16 
000F 24 

0010 40 

0011 61 

0012 6B 

0013 7D 

0014 9E 

0015 AE 



0016 8A80 
0018 BE01 
001A BD04 
001C 23FF 
001E 62 
001F 45 
0020 2300 

0022 2F 

0023 93 



0024 4632 

m m 

002A 23FF 
002C 62 
002D 55 
002E 2300 
0030 043E 



80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 

II 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 

m 

149 
150 
151 
152 
153 
154 
155 
156 
157 



********************************************************************** 

START OF PROGRAM 

********************************************************************* 

; INITIALIZE; 
; INITIALIZE AND GO TO 
; BMGR 



RESET: 



ORG 

CALL 

CALL 

EN 

JMP 



00H 
CASE0 
INIT 
TCNTI 
BMGR 



; CODE MUST END AT LOC 6 



*********************************************************************** 

START OF INTERRUPT DRIVEN STATE MACHINE 



TISR: 



CBASE: 



CASE1: 



XCH 

CPL 

OUTL 

MOV 

ADD 

JMPP 

DB 

DB 

DB 

DB 

DB 

DB 

DB 

DB 



CASE0: 



ORL 

MOV 

MOV 

MOV 

MOV 

STRT 

MOV 

XCH 



JNT1 

MOV 

MOV 

MOV 

MOV 

STRT 

MOV 

JMP 



DO; 



A,HAMDAT 
A 

Pl.A 
A, STATE 
A.#CBASE 

CASE0 
CASE1 
CASE 2 
CASE 3 
CASE4 
CASE5 
CASE6 
CASE7 



HAMMERS=HAMMER$DAT ; 
DO CASE STATE; 



P2,#(NOT PFEED) 
STATE, #1 
ICNT.lFILTV 
A,#-l 
T,A 
CNT 
A,#0 

A,HAMDAT 



DO; /*CASE 0, FEEDING LINE */ 

PAPER$FEED=OFF; 

STATE=1; 

ICNT=FILTV 

WAIT (PRINT$AREA) ; 

HAMMER? DATA=0 ; 
END; /* END OF CASE */ 



DO; /* CASE1, TESTING FOR PRINT AREA */ 
IF T0=1 THEN 
DO; 

STATE=1 ; 
ICNT=FILTV; 

HAMMERS DATA=0 ; 
END; 



C1ELS 

STATE. #1 

ICNT.lFILTV 

A,#-l 

T,A 

T 

A.#0 
C1END 
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LOC OBJ 



0032 BE02 
0034 ED38 
0036 BE01 
0038 23FF 
00 3A 62 
003B 55 
003C 2300 

003E 2F 
003F 93 



SEQ 



SOURCE STATEMENT 



0040 FB 

0041 D3FF 
0043 C655 
0045 23FD 

0047 62 

0048 55 

0049 FB 
004A AC 
004B BBFF 
004D BD07 
004F BE03 
0051 54E0 
0053 045F 



0055 BE01 
0057 23FF 
0059 62 
005A 45 



005F 2F 
0060 93 



0061 23FE 

0063 62 

0064 55 

0065 2300 
0067 BE04 
0069 2F 
006A 93 



158 
159 
160 
161 
162 
163 

164 C1ELS: 

165 

166 

167 C1LA: 

168 

169 

170 

171 

172 C1END: 

173 

174 

175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 

186 CASE2: 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 C2ELS: 

206 

207 

208 

209 

210 

211 

212 C2END: 

213 

214 

215 

216 

217 

218 

219 

220 CASE3: 

221 

222 

223 

224 

225 

226 

227 $ 



MOV 

DJNZ 

MOV 

MOV 

MOV 

STRT 

MOV 



RETR 



MOV 

XRL 

JZ 

MOV 

MOV 

STRT 

MOV 

MOV 

MOV 

MOV 

MOV 

CALL 

JMP 



MOV 

MOV 

MOV 

STRT 

ORL 

MOV 



RETR 



MOV 

MOV 

STRT 

MOV 

MOV 

XCH 

RETR 

EJECT 



STATE, #2 
ICNT.C1LA 
STATE, #1 

wt- 1 

T 

A,#0 

A,HAMDAT ! 



ELSE CO; 

ICNT=ICNT-1: 

IF ICNT=0 THEN STATE=2 ELSE STATE=1; 
TIME(-l) ; 
HAMMER$DATA=0; 
END; 



END; /*END OF CASE1 */ 



DO; /*CASE 2, INITIALIZE PRINT OPERATION */ 
IF OBUFOEMPTY$FLAG THEN 
DO; 

TIME (HAMMER$OFF) ; 
PBUFOBUF; 
OBUF=EMPTY $ FLAG ; 
I=IMAX: 
STATE=3. 

0LUMN(PBUF,I) ; 



A,OBUF 
A,#EMTFLG 
C2ELS 
A,#THOFF 
T,A 
T 

A.OBUF 
PBUF.A 
OBUF,#EMTFLG 
ICNT,#IMAX 
STATE, #3 



ELSE DO; 
STATE— 1 * 

WAIT(PRINT$AREA) ; 
MOTOROFF; 



STATE, #1 
A,#-l 
T,A 
CNT 

p2||not moton 
a,hamdat' 



A,#THON 
T,A 

T 

STATE, #4 
A,HAMDAT 



END; /*END OF CASE 2 */ 



DO; /*CASE 3, HAMMER OFF CYCLE */ 
TIME ( HAMMER$ON ) ; 
HAMMERSDATA=0; 

END; /*END'OF CASE 3 */ 
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LOC OBJ 



006E 55 



006F ED77 
0071 BE05 
0073 2300 
0075 047B 



0077 BE03 
0079 54E0 



007B 2F 
007C 93 



007D 23F8 
007F 62 
0080 55 



0081 FB 

0082 D3FF 
0084 C692 

0086 FB 

0087 AC 

0088 BBFF 
008A BD07 
008C BE03 



SOURCE STATEMENT 



008E 

ar— 



090 



0092 23FA 

0094 62 

0095 55 

0096 9A7F 
0098 BE06 
009A 2300 



249 



C4END: 



CASE5: 



260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 




C5END: 



MOV 
MOV 
STRT 



DJNZ 
MOV 
MOV 
JMP 



MOV 
CALL 



XCH 
RETR 



MOV 
MOV 
STKT 



MOV 

XRL 

JZ 

MOV 

MOV 

MOV 

MOV 

MOV 



MOV 

MOV 

STRT 

ANL 

MOV 

MOV 



A,#THOFF 

t' 



DO; /*CASE 4, PRINTING COL I OF CHAR */ 
TIME (HAMMERSOFF) ; 




1=1-1: 

IF 1=0 THEN 

DO; 

STATE=5; 
HAMMER$DATA=0; 




A,HAMDAT 



A,#TINTER 

T,A 

T 

I 



A,OBUF 
A,#EMTFLG 
C5ELS 
A,OBUF 
PBUF,A 
OBUF,#EMTFLG 
ICNT,iIMAX 
STATE, #3 
COLUMN 
C5END 



A,#TLFEED 
T,A 

T 

P2.#PFEED 
STATE, #6 
A,#0 

A,HAMDAT' 



(PBUF,I); 



END; /* END OF CASE 4 */ 

DO; /*CASE 5, INTERCHARACTER SPACE */ 
TIME(INTERSCHAR) ; 



IF OBUFOEMPTY$FLAG THEN 
DO; 

PBUFOBUF; 
OBUF=EMPTY$FLAG ; 
I=IMAX; 
STATE = 3 * 

HAMMER$DATA=COLUMN (PBUF, I) ; 
END; 



ELSE DO; 

TIME (LINE$FEED) ; 
PAPER$FEED=ON; 
ST— 



END; /* END OF CASE 5*/ 



EJECT 
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LOC OBJ 



009E 23FA 

mm 62 

00A1 55 
00A2 26A8 
00A4 BE07 
00A6 04AA 



00A8 BE06 



00AA 2300 
00AC 2F 
00AD 93 



00AE 23FA 
00B0 62 
00B1 55 
00B2 36B8 
00B4 BE00 
00B6 04BA 



00B8 BE07 
00BA 2300 
00BC 2F 
00BD 93 



SEQ 

292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 



SOURCE STATEMENT 



CASE6: 



MOV 

MOV 

STRT 

JNT0 

MOV 

JMP 



C6ELS: MOV 



C6END: MOV 
XCH 
RETR 



CASE7: 



MOV 

MOV 

STRT 

JT0 

MOV 

JMP 



C7ELS: MOV 
C7END: MOV 
XCH 
RETR 



A,|TLFEED 
T 

C6ELS 
STATE, #7 
C6END 



STATE, #6 



Ml. 



A,#TLFEED 

T,A 

T 

C7ELS 
STATE, #0 
C7END 



STATE, #7 
A,#0 

A,HAMDAT 



DO; /*CASE 6, WAITING FOR FEED ON */ 
TIME (LINE$FEED) ; 
IF PFS=1 THEN 
DO; 

STATE=7; 
END; 



ELSE DO; 

STATE=6; 
END; 

HAMMER$DATA=0; 
END; /*END OF CASE 6 */ 



DO; _/*CASE 7, WAITING FOR FEED OFF */ 
TIME (LINEFEED) ; 
IF PFS=0 THEN 
DO; 

STATE=0; 
END; 



ELSE DO: 
STATE=7 ; 



HAMMER$DATA=0; 
END; /*END OF CASE 7 */ 



END; /* END OF CASE BLOCK */ 

J************************************************************************ 
BMGR 

ThIS SEGMENT CONTROLS THE HANDSHAKING BETWEEN THE 
CONTROLLER AND THE MASTER PROCESSOR. 



/BMGR-BUFFER MANAGER*/ 
DO; 

IF IBF=FULL THEN 
DO; 

IF TYPE=DATA THEN 
DO; 

MOTORON; 

TEMP=INCQPT (INPNT) ; 



0100 

0100 D647 
0102 7636 
0104 9ABF 

0106 F8 

0107 3470 



ORG 

JNIBF 

JF1 

ANL 

MOV 

CALL 



100H 

BBPRT 
BBCMD 
P2,#MOTON 
A, INPNT 
INCQPT 
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LOC OBJ 



SEQ 



SOURCE STATEMENT 



0109 D9 
010A C647 
010C D9 
010D A8 
010E 0A 
010F 3216 

0111 22 

0112 9ADF 
0114 2418 
0116 2320 
0118 D30A 
011A 9620 
011C 8A02 
011E 2428 
0120 D30A 
0122 D228 
0124 B228 
0126 2321 
0128 533F 
012A A0 
012B F8 
012C D33F 
012E 9647 
0130 9AFD 
0132 B918 
0134 2447 



0136 22 

0137 9ADF 
0139 5303 
013B 323F 
013D 2447 
013F 1245 
0141 9AFE 
0143 2447 
0145 8A01 



369 
370 
371 
372 
373 
374 

We 

377 
376 

m 
m 

Hi 

385 
386 
387 
388 
389 
390 
391 
392 
393 

394 BBL1: 

395 

396 

397 

398 

399 

400 

401 

402 

403 FILL: 

404 BBL1A: 
405 

406 
407 

408 BBL1B : 

409 

410 

411 

412 BBL1C: 

413 

414 

415 

416 

417 

418 

419 

420 

421 

422 

423 

424 

425 

426 BBCMD: 

427 

428 

429 

430 

431 BBL2: 

432 

433 

434 BBL3: 

435 ? 



XRL 

JZ 

XRL 

MOV 

IN 

JB1 

IN 

ANL 

JMP 

MOV 

XRL 

JNZ 

ORL 

JMP 

XRL 

JB6 

JB5 

MOV 

ANL 

MOV 

MOV 

XRL 

JNZ 

ANL 

MOV 

JMP 



IN 

ANL 

ANL 

JB1 

JMP 

JB0 

ANL 

JMP 

ORL 

EJECT 



IF TEMPOOUT$POINT THEN 

IN$POINT=TEMP; 

IF FILL$MODE=ON THEN 

DO; 

TEMP=SPACE; 
ELSE DO; 

TEMP=INPUT$BUFFER; 

INTERRUPT=OFF ; 
END; 

IF TEMP=EOL THEN 
DO; 

FILL$MODE=ON; 
TEMP=SPACE; 
END; 

IF TEMP=CONTROL$CODE THEN TEMP=' ! ' ; 
BUFFER (IN$POINT)=TEMP AND 03FH; 
IF IN$POINT=BUFFER$MAX THEN 
DO; 

FILL$MODE=OFF; 
OUT$POINT=BUFFER$MIN ; 
END; 
END; 



A, OUTPUT 

BBPRT 

A,OUTPNT 

INPNT,A 

A,P2 

FILL 

A.DBB 

p2,#not(exreq) 
bblIa 

A,#SPACE 

A,#EOL 

BBL1B 

P2,#FMODE 

BBL1C 

A,#EOL 

BBL1C 

BBL1C 

A,#EXCIAIM 

A,#03FH 

&INPNT,A 

A, INPNT 

A,#BMAX 

BBPRT 

P2.#NOT FMODE 
OUTPNT,#BMIN 
BBPRT 



ELSE DO; /*TYPE IS COMMAND*/ 
INTERRUPT==OFF; 

IF (PORT0 AND 3) =2 THEN INTENAOFF; 
IF(PORT0 AND 3) =3 THEN INTENAON; 
END; 



A.DBB 

P2,#NOT(EXREQ) 

A,#3 

BBL2 

BBPRT 

BBL3 

P2.#NOT INTENA 

BBPRT 

P2,#INTENA 
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LOC OBJ 



0147 FB 

0148 D3FF 
014A 965E 
014C F9 
014D D318 
014F 9658 

0151 FE 

0152 03FD 
0154 F258 
0156 245E 

0158 F9 

0159 D25E 
015B Fl 
015C AB 
015D 19 



015E F8 
015F 3470 

0161 D9 

0162 C600 



0168 326C 
016A 2400 

m m 



0170 0301 
0172 D275 

0174 83 

0175 2318 

0177 A7 

0178 83 



0179 BBFF 
017B B940 
017D B83F 
017F 23F0 

m fi 

0183 83 



SEQ 

436 
437 

m 

440 
441 
442 
443 
444 

445 BBPRT: 

446 

447 

448 

449 

450 

451 

452 

453 

454 

455 BBPRTA: 

456 

457 

458 

459 

460 

461 

462 

463 

464 

465 

466 

467 

468 BINT: 
469 
470 
471 

472 BINTA: 
473 

81 

476 
477 



SOURCE STATEMENT 



SETINT: 



m 

480 
481 
482 
483 
484 
485 
486 

m 

489 
490 
491 

492 INCQPT: 

493 

494 

495 ADJUST: 

496 

497 

498 

499 

500 

501 

502 

lil 
505 
506 
507 
508 
509 
510 

511 INIT: 
512 
513 
514 

Hi 

517 
518 
519 
520 
521 
522 
523 
524 S 



MOV 
XRL 
JNZ 
MOV 
XRL 
JNZ 
MOV 
ADD 
JB7 
JMP 
MOV 
JB6 
MOV 
MOV 
INC 



MOV 
CALL 
XRL 
JZ 

IN 

CPL 

JB0 

JB1 

JMP 



ADD 
JB6 
RET 
MOV 
CPL 
RET 



IF OBUF=EMPTY$FLAG AND (OUT5POINTOBMIN OR STATE' 
DO: 

IF OUT$POINT<=BUFFER$MAX THEN 

' OBUF=BIN (OUTSPOINT) ; 
OUT$POINT=OUT?POINT+l ; 
END; 
END; 



A,OBUF 

A,#EMTFLG 

BINT 

A,OUTPNT 

A,#QPTMIN 

BBPRTA 

A, STATE 

A,#-3 

BBPRTA 

BINT 

A,OUTPNT 
BINT 

A.@OUTPNT 

OBUF.A 

OUTPNT 



END 



TEMP=INCQPT ( INPNT) ; 

IF TEMPOOUT$POINT THEN 

DO: 

IF INTENAON AND FM0DE=OFF THEN INTERRUPTON ; 
END; 
END; 



A, INPNT 



BMGR 

A,P2 
A 

BMGR 

SETINT 

BMGR 



PROCEDURE INCQPT (A, CARRY) ; 
DO; 

A=A MOD BUFFER LENGTH+BUFFER MIN; 
IF A=BUFFER MIN THEN CARRY=lJ 
END; ~ 



MOV 

MOV 

MOV 

MOV 

OUTL 

IN 

RET 



EJECT 



A,#l 
ADJUST 

A,#QPTMIN 

C 



PROCEDURE INIT; 
DO; 

OBUF=EMPTY$FLAG; 
OUT$POINT=BUFF~~ 
IN$POINT=BUFF~ 
MOTOR=OFF: 
PAPER$FEED=OFF ; 
FILL$MODE=OFF: 
INTERRUPT$MASK=OFF; 
BUS$BUFFER=0; 
END; 
OBUF,#EMTFLG 
OUTPNT. #BMAX+1 
INPNT, #BMAX 
A,#0F0H 
P2.A 
A,DBB 
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LOC 


OBJ 


SE£) 






525 






526 






527 






528 






529 






530 






531 
532 






533 






534 






535 


02E0 




536 






537 






538 






539 






540 






541 






542 






543 






544 






545 






546 






547 






548 






549 






550 


02E0 


FC 


551 


02E1 


85 


552 


02E2 


B2E5 


553 


02E4 


95 


554 


02E5 


531F 


555 


02E7 


AC 


556 


02E8 


E7 


557 


02E9 


E7 


558 


02EA 


E7 


559 


02EB 


37 


560 


02EC 


6C 


561 


02ED 


6D 


562 


02EE 


37 


563 


02EF 


0307 


564 


02F1 


B6F9 


565 


02F3 


E3 


566 


02F4 


2C 


567 


02F5 


4320 


568 


02F7 


2C 


569 


02F8 


83 


570 


02F9 


A3 


571 


02FA 


83 


572 






573 






574 






575 






576 






577 






578 






579 






580 






581 






582 






583 






584 






585 






586 






587 






588 






589 






590 






591 






592 






593 






594 






595 






596 






597 






598 






599 






600 



SOURCE STATEMENT 

. ********************************************************************** 

; COLUMN IS CALLED WITH ICNT EQL TO THE CURRENT COLUMN NUMBER 

; AND PBUFF EOL TO THE CHARACTER TO BE CONVERTED. 

; COLUMN RETURNS THE APPROPRIATE COLUMN OF DATA FROM THE 

; CHARACTER GENERATER TABLE. COLUMN IS LOCATED IN PAGE 2 

; FOLLOWING THE FIRST HALF OF THE TABLE. 

'. ********************************************************************** 



ORG 



2E0H 



COLUMN: MOV 
CLR 
JB5 
CPL 

NOSET: ANL 
MOV 
RL 
RL 
RL 
CPL 
ADD 
ADD 
CPL 
ADD 
JF0 
MOVP3 
XCH 
ORL 
XCH 
RET 

PAG2: MOVP 
RET 



A.PBUF 
F0 

NOSET 
F0 

A,#01FH 

PBUF,A 

A 

A 

A 

A 

A,PBUF 
A, ICNT 
A 

A,#7 

PAG2 

A,m 

A,PBUF 

A,#20H 

A r PBUF 

A,@A 



PROCEDURE COLUMN (PRINTSBUFFER, ICNT) ; 
DO; 

FLAG0=NOT PRINT$BUFFER[5] ; 

PRINT$BUFFER[51=0; 

TEMP=7* (PBUF+1) -ICNT 

IF FLAG0OFF THEN 

DO; 

TEMP=MP3 (TEMP) : 
PRINT$BUFFER[5]=1; 
END; 

ELSE DO; 

TEMP=MP2 (TEMP) ; 
END; 



********************************************************************** 

CHARACTER GENERATER TABLES. 

THE FIRST HALF OF THESE TABLES IS IN PAGE 2. FOLLOWING THIS HALF 
IS THE COLUMN SUBROUTINE. THE SECOND HALF OF THE TABLE IS 
IN PAGE 3. THE PLACEMENT OF THESE TABLES IS TO TAKE 
ADVANTAGE OF THE MCS-41 MOVP AND MOVP3 INSTRUCTIONS. 

ThE CHARACTERS ARE FORMED BY A SEVEN BY SEVEN MATRIX 

OF DOTS. EACH DOT POSITION CORRESPONDS 

TO ONE HALF THE NORMAL DOT SPACING OF THE LRC PRINTER. 

TO PREVENT' EXCEEDING THE "BANDWIDTH" OF THE SOLENOIDS 

THE CHARACTERS ARE FORMED SO THAT THE SAME SOLENOID IS 

NOT ENERGIZED TWICE IN SUCCESSION. CONSTRUCTING THE 

TABLE IN THIS MANNER ALLOWS THE FORMATION OF A CHARACTER IN ONLY 

4 PRINT COLUMNS SINCE THREE OF THE DOTS WILL APPEAR BETWEEN 

NORMAL COLUMN POSITIONS. 

THE COMMENT FIELD OF THE TABLE SHOWS THE BIT PATTERN OF THE 
CHARACTERS. THE SPACING OF THE PRINTER CHARACTERS CAUSES 
DISTORTION OF THE CHARACTERS BUT THE PATTERN IS STILL DISCERNABLE. 

*********************************************************************** 



All mnemonics copyrighted © Intel Corporation 1976. 



10-24 



LOC OBJ 



SEQ 



SOURCE STATEMENT 





601 










602 
649 J 
604 




20 0H 




lOZldlo 1oL 


605 


DB 


0CH 


/ 


aZvjl 11 


606 


DB 


22H 




01*5/31*5 A"\ 

WzWz 41 


607 


DB 


41H 




0203 58 


608 


DB 


58H 


c ** * 


0204 01 


609 


DB 


01H 




(7IO0IC A Q 
tiZvO HO 


010 


DB 


48H 


• * * 


t-Uu vv 


611 
612 


DB 


00H 


* 


0207 0F 


613 


DB 


0FH 


. **** 


0208 10 


614 


DB 


10H 


* 


0209 24 


615 


DB 


24H 


1 * * 


020A 40 


616 


DB 


40H 


I * 


020B 24 


617 


DB 


24H 


* * 


020C 10 


618 


DB 


10H 




020D 0F 


619 
620 
621 


DB 


0FH 


**** 


0Z0E It 


622 


DB 


7FH 


■ -kit -kit it it it 


020r 00 


623 


DB 


00H 




0210 49 


624 


DB 


49H 


' * * * 


0211 00 


625 


DB 


00H 


J 


0212 08 


626 


DB 


08H 


J * 


0213 55 


627 


DB 


55H 


; 


0214 22 


628 
629 


DB 


22H 


; 


0215 3E 


630 


DB 


3EH 


■ * * * * * 


0216 41 


631 


DB 


4 IB 


7 * * 


8112 S! 


m 


DB 
DB 


MB 


* * 


0219 00 


634 


DB 


00H 




021A 41 


635 


DB 


41H 




021B 22 


636 
637 


DB 


22H 


' * * 


nolo "in 

021C 7F 


638 


DB 


7FH 


******* 


WzlD Idio 


639 


DB 


00H 


£ * * 


021E 41 


640 


DB 


41H 




021F 00 


641 


DB 


00H 




0220 00 


642 


DB 


00H 


' 


0221 41 


643 


DB 


41H 




0222 3E 


644 
645 


DB 


3 EH 


' ***** 


0223 7F 


646 


DB 


7FH 


• ******* 


0224 00 


647 


DB 


00H 




0225 49 


648 


DB 


49H 


' * * * 


0226 00 


649 


DB 


00H 


; 


0227 49 


650 


DB 


49H 


. * * * 


0228 00 


651 


DB 


00H 




01*5*50 ^11 

tizzy 41 


652 

0J 


DB 


41H 


■ * * 


tJZZA IE 


OD4 


DB 


1 ¥-.11 

/FH 


. ******* 


t) Z ZD tJ tJ 


ODD 


DB 


00H 




It? Z ZL. 4 O 


ODD 


DB 


4 on 


* * 


022D 00 


657 


DB 


00H 




022E 48 


658 


DB 


48H 


* * 


022F 00 


659 


DB 


00H 




0230 40 


660 
661 


DB 


40H 


'. * 


0231 3E 


662 


DB 


3 EH 


***** 


0232 41 


663 


DB 


41H 


' * * 


0233 00 


664 


DB 


00H 




0234 41 


665 


DB 


41H 


; * * 


0235 04 


666 


DB 


04H 


'. * 


0236 41 


667 


DB 


41H 


; * * 


0237 26 


668 
669 
670 S 


DB 

EJECT 


26H 


; ** * 



[AT] 



; [A] 



; [B] 



; [C] 



; [c] 



; [Ej 



; [F] 



; [G] 
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WZJA BO 


673 


DB 


08B 


• * 


WZ3b low 


674 


DB 


00H 




ct o o.*" fa o 

V Z J\. V o 


D / D 


DB 


Hon 


'. * 


tiZjU tit) 


C7C 

b /b 


DB 


00H 




UZJCi IE 


b / / 


DB 


7PU 


'. ******* 




0/0 








007.1? Clfl 
K)Zj£ tt) 


b / y 




BBn 




0\ 0/1 O /II 


680 


DB 


ami 
4 In 


■ * * 


cio/ii oici 
vzm <uv 


CQl 

boi 


DB 


00H 




I0Z4Z /£ 


£QO 

boZ 


DB 


7FH 


'. ******* 




£Q 7 

bo j 


DB 


00H 




WZ44 41 


684 


DB 


41H 


■ * * 


wZ4;) lot) 


685 


DB 


00H 






bob 








mi* c /at 
t)Z4b t)Z 


687 


DB 


0Zn 


• * 


0247 01 


688 


DB 


01H 


'. * 


0248 00 


689 


DB 


00H 




0Z4y 01 


690 


DB 


01H 


1 * 


fl id a am 
WZ4A 


691 


DB 


00H 




024B 01 


692 


DB 


alia 
Win 


• * 


0Z4C /E 


693 


DB 


7eh 


' ****** 


CiO/lr^ 7C* 


694 

695 


DB 


7FH 


■ ******* 


CI 0/1 E 1 CiW 
UZ4E VYJ 


byb 


DB 


00H 




010/11? n A 

l0Z4r 04 


eo.7 

by / 


DB 


04H 




flOCCI 1/1 

YJZDt) 14 


byo 


DB 


1 All 

I4n 


I * * 


anci 07 
tJZDl ZZ 


by y 


DB 


OOU 
ZZn 


\ * * 


flnco *1 
YlZDZ 41 


TOO 

f bid 


DB 


AlU 
4-Ln 


\ * * 




7011 

/ Bl 


DB 


00H 






70t0 
/BZ 








BZD4 /r 


ocn 

/ tJ j 


DB 


It n 


■ ******* 


10ZDD 


TOM 
/ W4 


DB 


00H 




0256 01 


705 


DB 


01H 


'. * 


BZd/ 


706 


DB 


00H 




aocq on 
vZdo Ml 


7017 
/B / 


DB 


O 1 U 

Win 


* 


aZobf lot? 


708 


DB 


van 




025A 01 


709 


DB 


01H 






710 








flT CD *7E> 

BZDd /t 


711 


DB 


_ 

/tn 


* ******* 


BZ!X, 4B 


71 7 
/1Z 


DB 


4Wn 


it 


025D 20 


713 


DB 


20H 




BZ3& ±o 


71 A 
/J.4 


nn 


1 RH 

ion 


'. ** 


025F 20 


715 


DB 


20H 


1 * 


0260 40 


716 


DB 


40H 


* 


0261 3F 


717 


DB 


3FH 


1 ****** 




718 










719 








BZbZ /£ 


7 OCl 
/ ZlO 


DB 


__„ 

/tn 


■ ******* 


HOC! nfu 

BZb3 zt) 


701 
/Zl 


DB 


20H 


■ * 


MZb4 it) 


722 


DB 


10H 


• * 


BZbD Wo 


707 
/Z J 


DB 


Won 


'. * 


ihlCC OiA 

WZbb B4 


724 


DB 


04H 


' * 


feJZb/ 00 


725 


DB 


00H 




fit CO 7p 

WZbo /r 


726 


DB 


7FH 


■ ******* 




777 
1 Zl 








WZby 3E 


728 


DB 


_ 

3 En 


. ***** 


026A 41 


729 


DB 


41H 


' * * 


026B 00 


730 


DB 


00H 




026C 41 


731 


DB 


41H 


' * * 


026D B0 


732 


DB 


00H 




026E 41 


733 


DB 


41H 


*. * * 


026F 3E 


i\% 

1 3D 


DB 


3EH 


***** 


BZ/B 3/ 


736 


DB 


__ 
37H 


■ *** ** 


0271 00 


737 


DB 


00H 




0272 48 


738 


DB 


48H 


' * * 


0273 00 


739 


DB 


00H 




0274 00 


740 


DB 


00H 




0275 48 


741 


DB 


48H 


' * * 


0Z/6 30 


742 


DB 


30H 


. ** 




/4J 








CI 7 7 71? 
BZ / / Jil> 


/44 


DB 


_ 

3 EH 


. ***** 


0278 41 


745 


DB 


41H 


; * * 


0279 00 


746 


DB 


00H 




027A 40 


747 


DB 


40H 


* 


027B 05 


748 


DB 


05H 


*. * * 


027C 42 


749 


DB 


42H 


' * * 


027D 3D 


750 


DB 


3DH 


; * **** 



; [IJ 



; [J] 



; [K] 



; [L] 



; [M] 



; IN] 



; 10] 



; [P] 



; IQ] 
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DOC OBJ 


SEQ 


SOURCE STATEMENT 






751 








027E 7F 


752 


DB 


7FH 


******* 


027F 00 


753 


DB 


00H 




0280 48 


754 


DB 


48H 


* * 


0281 00 


755 


DB 


00H 




0282 04 


756 


DB 


04H 


* 


0283 4A 


757 


DB 


4AH 


* * * 


0284 31 


758 


DB 


31H 


* ** 




759 








0285 32 


760 


DB 


32H 


* ** 


0286 49 


761 


DB 


49H 


* * * 


0287 00 


762 


DB 


00H 




0286 49 


763 


DB 


49H 


* * * 


0289 00 


764 


DB 


00H 




028A 49 


765 


DB 


49H 


* * * 


028B 26 


766 


DB 


26H 


** * 




767 










768 








floor Aa 


769 


DB 


40H 


* 


G5?Rn flfl 

V&OLJ Vv 


770 


DB 


00H 




fl?RP AQi 


"771 


DB 


40H 


* 


fl?RP T.P 


112 


DB 


3FH 


****** 


flOQfl 4W 


773 


DB 


40H 


* 


0291 00 


774 


DB 


00H 




0292 40 


775 


DB 


40H 


* 




1 /D 








0293 7C 


777 


DB 


7CH 


***** 


0294 02 


778 


DB 


02H 


* 


0295 01 


77Q 


DB 


01H 


* 


W29fi 00 


780 


DB 


00H 




0297 01 


781 


DB 


01H 


* 


M9QR 09 




DB 


02H 


* 


0299 7C 


783 

7ft4 


DB 


7CH 


***** 


029A 78 


1 o** 
7R^ 


DB 


78H 


**** 


029B 04 


7A£ 


DB 


04H 


* 




/O / 


DB 


02H 


* 


9Qn 01 


7RH 
/OO 


DB 


01H 


* 




7RQ 


DB 


02H 


* 


029F 04 


790 


DB 


04H 


* 


02A0 78 


791 


DB 


78H 


**** 




7Q9 








02A1 7E 


/ " j 


DB 


7EH 


****** 


02A2 01 


7Qd 


DB 


01H 


* 




7Q^ 


DB 


02H 


* 


02A4 0C 


796 


DB 


0CH 


** 


U Z/A D <0 Z 


7Q7 


DB 


02H 


* 


09Af> 01 


7QR 


DB 


01H 


* 


09A7 7P 


7QQ 


DB 


7 EH 


****** 


02A8 41 


800 
801 


DB 


41H 


* * 


02A9 22 


802 


DB 


22H 


* * 


02AA 14 


803 


DB 


14H 


* * 


02AB 08 


804 


DB 


08H 


* 


02AC 14 


805 


DB 


14H 


* * 


02AD 22 


806 


DB 


22H 


* * 


02AE 41 


807 


DB 


41H 


* * 




808 








02AF 40 


809 


DB 


40H 


* 


02B0 20 


810 


DB 


20H 


* 


02B1 10 


811 


DB 


10H 


* 


02B2 0F 


812 


DB 


0FH 


**** 


02B3 10 


813 


DB 


10H 


* 


02B4 20 


814 


DB 


20H 


* 


02B5 40 


815 


DB 


40H 


* 




816 


EJECT 








817 $ 







; [R] 



; [S] 



; [T] 



; [u] 



; [V] 



; [W] 



; [X] 



; [Y] 
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LOC OBJ 

02B6 41 
02B7 02 
02B8 45 
02B9 08 
02BA 51 
02BB 20 
02BC 41 

02BD 7F 
02BE 00 
02BF 41 
02C0 00 
02C1 41 
02C2 00 
02C3 41 

02C4 40 
02C5 20 



02C8 04 
02C9 02 
02CA 01 

02CB 41 
02CC 00 
02CD 41 
02CE 00 
02CF 41 
02D0 00 
02D1 7F 

02D2 00 
02D3 04 
02D4 08 
02D5 10 
02D6 08 
02D7 04 
02D8 00 

02D9 01 
62DA 00 
02DB 01 
02DC 00 
02DD 01 
02DE 00 
02DF 01 



0300 



0300 00 

0301 00 

0302 00 

0303 00 

0304 00 

0305 00 

0306 00 

0307 00 

0308 00 

0309 00 
030A 7D 
030B 00 
030C 00 
030D 00 



SEQ 

818 
819 
820 
821 
822 
823 
824 
825 
826 
827 
828 
829 
830 
831 
832 
833 
834 
835 

IS 

838 
839 

Itt 
842 
843 

III 
846 
847 
848 
849 
850 
851 
852 
853 
854 
855 



86] 
862 
863 
864 
865 
866 
867 
868 
869 
870 
871 
872 
873 
874 
875 
876 
877 
878 
879 
880 
861 
882 
883 
884 
885 
886 
887 
888 
889 
890 
891 
892 
893 
894 



DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 



41H 
02H 
45H 
08H 
51H 
20H 
41H 

7FH 
00H 
41H 
00H 

00H 
41H 

40H 
20H 

u§ 

04H 
02H 
01H 

41H 
00H 
41H 
00H 
41H 
00H 
7FH 

00H 
04H 
08H 
10H 
08H 
04H 
00H 

01H 
00H 
01H 
00H 
01H 
00H 
01H 



* 



******* 



; [z] 



; [[] 



; [\] 



; [J] 



; [UN 



[ ] 



. **************************************************************** 

' _ ? - -i 

'; START OF SECOND HALF OF CGEN TABLE 

'. *********************************************************************** 



ORG 



300H 



DB 


00H 


DB 


00H 


DB 


00H 


DB 


00H 


DB 


00H 


DB 


00H 


DB 


00H 


DB 


00H 


DB 


00H 


DB 


00H 


DB 


7DH 


DB 


00H 


DB 


00H 


DB 


00H 


EJECT 





; [ ] 



; [!] 
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LOC OBJ 

030E 00 
030F 20 

0310 40 

0311 00 

0312 20 

0313 40 

0314 00 

0315 14 

0316 00 

0317 7F 

0318 00 

0319 7F 
031A 00 
031B 14 

031C 00 
031D 32 
031E 49 
031F 36 

0320 49 

0321 26 

0322 00 

0323 51 

0324 02 

m a 
m s 

0329 45 

032A 26 
032B 49 
032C 10 
032D 49 
032E 26 
032F 01 

0330 05 

0331 00 

0332 00 

0333 10 

0334 20 

0335 40 

0336 00 

0337 00 



0338 1C 

0339 22 
033A 41 
033B 00 
033C 00 
033D 00 
033E 00 

033F 00 

0340 00 

0341 00 

0342 00 

0343 41 

0344 22 

0345 1C 

0346 49 

0347 22 

0348 1C 

0349 77 
034A 1C 
034B 22 
034C 49 

034D 08 
034E 08 
034F 08 

0350 3E 

0351 08 

0352 08 

0353 08 



SEQ 

895 
896 
897 
898 
899 
900 
901 
902 
903 
904 
905 
906 
907 
908 
909 
910 
911 
912 
913 
914 
915 
916 

III 
919 
920 
921 
922 
923 
924 
925 
926 
927 
928 
929 
930 
931 
932 
933 
934 
935 
936 
937 
938 
939 
940 
941 
942 
943 
944 
945 
946 
947 
948 
949 
950 
951 
952 
953 
954 
955 
956 
957 
958 
959 
960 
961 
962 

964 
965 
966 
967 
968 
969 
970 
971 
972 
973 
974 



SOUBCE STATEMENT 



DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
DB 



DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 



DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 



DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
DB 



00H 
20H 
40H 
00H 
20H 
40H 
00H 

14H 
00U 
7FH 
00H 
7FH 
00H 
14H 

00H 
32H 
49H 
36H 
49H 
26H 
00H 

51H 
02H 
54H 
08H 
15H 
20H 
45H 

26H 
49H 
10H 
49H 
26H 
01H 
05H 

00H 
00H 
10H 
20H 
40H 
00H 
00H 



* * 
******* 
******* 

* * 

* ** 

* * * 
** ** 

* * * 
** * 



* * * 
* 

* * * 
* 

* * * 



* * 



** * 
* * * 



* * * 
** * 



*** 

* * * 

* * 
*** 

*** *** 
*** 

* * 

* * * 



! ["] 



! [#] 



S [$) 



; [%] 



; [&] 



; ['] 



s [(] 



: [)] 



; [*] 



; [+] 
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0355 00 

0356 00 

0357 01 

0358 06 

0359 00 
035A 00 

035B 04 
035C 04 
035D 04 
035E 04 
035F 04 

0360 04 

0361 04 



0362 00 

0363 00 

s& 8! 

0366 00 

0367 00 

0368 00 

0369 01 
036A 02 
036B 04 
036C 06 
036D 10 
036E 20 
036F 40 

0370 ID 

0371 22 

0372 45 

0373 08 

0374 51 

0375 22 

0376 5C 

0377 00 

0378 21 

0379 40 
037A 7F 
037B 00 
037C 01 
037D 00 

037E 23 
037F 44 

0380 01 

0381 48 

0382 01 

0383 48 

0384 31 

0385 42 

0386 01 

0387 50 

0388 01 

0389 50 
038A 29 
038B 46 



J> /V 

977 
978 
979 
980 
981 
982 
983 
984 
985 
986 
987 
988 
989 
990 
991 
992 
993 
994 
995 
996 
997 
998 
999 
1000 
1001 
1002 
1003 
1004 
1005 
1006 
1007 
1008 
1009 
1010 
1011 
1012 
1013 
1014 
1015 
1016 
1017 
1018 
1019 
1020 
1021 
1022 
1023 
1024 
1025 
1026 
1027 
1028 
1029 
1030 
1031 
1032 
1033 
1034 
1035 
1036 
1037 
1038 

M 
1041 



DB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 



DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 



00H 

00H 
01H 
06H 
00H 
00H 

04H 
04H 
04H 
04H 
04H 
04H 
04H 



00H 
00H 
00H 
01H 
00H 
00H 



01H 
02H 



10H 
20H 
40H 

1DH 
22H 
45H 
08H 
51H 
22H 
5CH 

00H 
21H 
40H 
7FH 
00H 
01H 
00H 

23H 
44H 
01H 
48H 
01H 
48H 
31H 

42H 
01H 



29H 
46H 



* *** 

* * 

* * * 

* * * 

* * 
*** * 



** * 
* 

* * 

* 

* * 
* ** 



* * 
* * * 



; [-] 



; [.] 



; 1/1 



; [0] 



; [1] 



; [2] 



; 13] 



EJECT 
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LOC OBJ 


SEG_ 


bUUKCh 


b 1 Al hWbNl 




CA'lQf (a A 
BJOC 04 


.... 

104/ 


DB 


B4n 


* 


BJoJJ Bo 


1B4 J 


DB 


01 flu 
Bon 


it 


blJOL 14 


1W44 


up 


1 

l4n 


* * 


a*} ftp Ofci 
ti jor ZB 


IBID 






it 




1046 


DB 


5FH 


***** * 


"5Q 1 DIM 

wjyi bb 


1 0\AH 
104 / 


Uo 


cicim 
BBn 




0*30.9 01,1 
BjyZ B4 


"I GMQ 
104O 


DB 


04H 


* 




i04y 








0393 72 


i cmci 

-LB 3B 


fir 


72H ' 


* *** 


Bjy4 Bl 


1 ART 
1031 


JJD 


a in 

Bin 


* 


Bjyo db 


1BDZ 


DB 


Clin 

DBM 


* * 


wjyo bi 


103 J 


DB 


Bin 


* 


KJ^y/ 4b 


i a c / 
1004 


DB 


40H 


* 




*i o ""lc; 


DB 


lln 


* * 


Bjyy 4b 


1056 


DB 




*** * 




1057 








BjyA i / 


iwoo 


DB 


1 /n 


*** * 


KiJJD Zl 


lBoy 


DB 


Zln 


* * 


BjyL 40 




DB 


40H 


it 


fl-DQn ciq 
Boyu By 


1061 
1BD1 


JJD 


Byn 


* * 


ffl'SQp AQ\ 
KIJ^Ij 4B 


1BOZ 


no 
LJD 


A(AH 


* 


039F 09 


1BD J 


no 
JJD 


tlQH 


* * 


UjMU 40 


1 est d 


DB 




** * 




1BD3 








t/jrVl 1 1) 


1BD D 


nR 

Do 


jICiH 

4Bn 


* 


t) JAZ ti B 


1BD / 


DB 


00H 




Olfi *1 AH 
jAj 4 / 


IBDO 


DB 


4 /n 


*** * 


JA4 10 O 


1 ACQ 

iBoy 


DB 


08H 


* 


k5 j Ao ob 


1070 


DB 


50H 


* * 


filQAC Tfll 

0JAb 20 


1071 


DB 


20H 


it 


03A7 40 


1072 


DB 


40H 


* 


1073 








03Atj 3d 


1074 


DB 


_ - 
36H 


** ** 


m jAy 4y 


1075 


DB 


49H 


* * * 


BJAA Ok) 


116 /b 


DB 


00H 




b jad 4y 


1 01*7*7 
IB / / 


DB 


*iyn 


* * * 


a^ip CtCi 

BJ/V— BB 


1 0J"7H 
IB / 


nR 


BBn 




B JirtU 4:7 


1 (AHQ 

ib /y 


JJD 


4yn 


* * * 


B JACj jo 


1B0B 


DB 


ICR 

j on 


** ** 




1081 








03AF 30 


1082 


DB 


30H 


** 


03B0 48 


1083 


DB 


48H 


* * 


03B1 01 


1084 


DB 


01H 


* 


03B2 48 


1085 


DB 


48H 


* * 


03B3 01 


1086 


DB 


a ib 


* 


03B4 42 


1087 


DB 


42H 


* * 


03B5 3C 


1088 


DB 


3CH 


**** 




1089 










1090 








BODO WW 


1 CIQ1 

iByi 


DB 


0ICIH 




0jB/ BB 


1092 


DB 


BBn 




OJBo 00 


1093 


DB 


00H 




wjfcjy 14 


iBy4 


DB 


1411 


* * 


Oi ID A fil (J 


1095 


DB 


00H 




0JBB 0B 


1096 


DB 


00H 




03BC 00 


1097 


DB 


00H 






iwyo 








0Jdt) aio 


iwyy 


DB 


BBn 




B JbL B B 


i i act 
11BB 


DB 


00H 




IJIIDP fill 

BJbr Bl 


1 1 011 
11B1 


DB 


01 1 H 
B1J"1 


* 


v y^v bz 


1102 


DB 


02H 


* 


B 14 


1103 


uo 


1 AH 
±*±n 


* * 


BjCa OB 


1104 


hr 


Bun 




B-H_ J BB 


1105 


rtR 

JJD 


nctH 

UUn 






1106 








cnr4 WW 

VJ^I W 10 


1107 


DB 


00H 




BJ'wD Bo 


l-LBO 


nR 

UD 


BOn 


* 


a ore i a 
BJLD 14 




DB 


1 AH 


* * 


03C7 22 


11 T CI 


DB 


22H 


* * 


CnPft A 1 
BJL.O 41 


nil 
1111 


nR 


All] 

lln 


* * 


0X9 00 


1112 


DB 


00H 




03CA 00 


1113 


DB 


00H 






1114 








03CB 00 


1115 


DB 


00H 




03CC 14 


1116 


DB 


14H 


* * 




1117 


DB 


00H 




m if 


1118 


DB 


14H 


* * 


03CF 00 


1119 


DB 


00H 




03D0 14 


1120 


DB 


14H 


* * 


03D1 00 


1121 


DB 


00H 





; [4] 



; [5] 



; [6] 



; [7] 



; [8] 



! [9] 



S [:] 



i [;] 



; [<] 



! [=] 
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SEO. 


SOURCE STATEMENT 






1122 








03D2 00 


1123 


DB 


00H 




03D3 00 


1124 


DB 


00H 




03D4 41 


1125 


DB 


41H 


* * 


03D5 22 


1126 


DB 


22H 


* * 


03D6 14 


1127 


DB 


14H 


* * 


03D7 08 


1128 


DB 


08H 


* 


03D8 00 


1129 


DB 


00H 






1130 








03D9 00 


1131 


DB 


00H 




03DA 20 


1132 


DB 


20H 


* 


03DB 40 


1133 


DB 


40H 


* 


03DC 05 


1134 


DB 


05H 


* * 


03DD 48 


1135 


DB 


48H 


* * 


03DE 30 


1136 


DB 


*£ 


** 


03DF 00 


1137 


DB 






1138 








1139 


END 







; [>] 
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INTRODUCTION 

Many microprocessor systems require the real-time con- 
trol of a peripheral device such as a printer, keyboard, or 
alpha-numeric display, etc. These medium speed but still 
real-time tasks can be rather mundane, time-consuming, 
and require a fair amount of system software overhead. 
Of course, any time spent by the main processor in servic- 
ing these I/O devices is unavailable for other, possibly 
more important, tasks. This processor burden can largely 
be removed by isolating the real-time portion of the task 
to a dedicated peripheral-control processer. 

Until recently, this approach was usually not cost effec- 
tive due to the large number of components required by 
the dedicated processor: CPU, RAM, ROM, I/O, etc. To 
help make the approach more cost effective, Intel bor- 
rowed the I/O processing concepts found in many main- 
frame and minicomputers; put all the hardware in one 
package; and introduced a family of Universal Peripheral 
Interface controllers — the UPI-41A™ family. The basic 
family consists of the 8041A and the 8741A. These two 
devices are essentially single-chip microcomputers with a 
standard microprocessor bus interface. They have on- 
chip RAM, ROM (8041A) or EPROM (8741A), CPU, 
timer /counter, and I/O. Using one of the UP1 family, the 
designer simply codes his custom or proprietary 
peripheral control algorithm into the UP1 device itself 
rather than the main system software. The UPI device 
then takes over the peripheral control task while the host 
processor simply issues commands and transfers data. 
More information on the UPI family is available in the 
documents referenced opposite the table of contents. 

Illustrating the UPI concept as both design examples 
and actual products, a number of pre-programmed 
8041As are available. These devices are the 8278 
Keyboard/Display Controller, the 8294 Data Encryption 
Unit, the 8292 GPIB Controller, and the 8295 Dot Matrix 
Printer Controller. Data sheets for these devices are 
found in the Peripheral Design Handbook and their 
source listings (except for the 8294) are available in Insite, 
Intel's User's library. This application note deals with 
the 8295. 



THE 8295 

The 8295 Dot Matrix Printer Controller is a device 
specifically designed to interface microprocessors to the 
LRC 7040 Series of dot matrix impact printers. It offers 
complete solenoid and motor drive timing and contains 
an on-chip 7x7 character generator accommodating 64 
ASCII characters. An on-chip FIFO buffers up to 40 
ASCII characters before printing. Character density, 
width, and print intensity are all programmable. Three 
programmable tabulations and two general purpose out- 
puts are also provided. Four data transfer methods are 
possible: polling, interrupt-driven, and Direct Memory 



Access (DMA) are available when in parallel data 
transfer mode and asynchronous serial is available in 
serial mode. The data transfer mode is hardware 
selectable. 

Let's first look at the LRC printer itself and its interface 
to the 8295. 



THE LRC 7040 PRINTER 

The LRC Model 7040 printer is manufactured by LRC, 
Inc. of Riverton, Wyoming. Capable of printing 40 col- 
umns of characters at a speed of 1.25 lines/sec, the 7040 is 
mechanically simple and is ideal for point-of-sale or data 
logging terminals. 

It is an impact printer whose print head consists of seven 
solenoids which each drives a stiff wire to impact the 
paper through an inked ribbon. While the wires are ar- 
ranged in a circular fashion at the solenoid end, they 
form a vertical column at the ribbon impact point. 
Characters are formed by firing the solenoids to form a 
5x7 or 7x7 matrix of "dots" (impacts of the wires). 
Figure I shows how the character A is formed using a 
7x7 matrix. The columns are labeled CI thru C7 and the 
rows Rl thru R7. The print head moves left to right across 
the paper so at time Tl. the head is over column CI. If the 
correct solenoids are activated at each time Tx for each 
column Cx, the character is formed. 



C1 

□ 


C2 

□ 


C3 

□ 


C4 

■ 


C5 

□ 


C6 

□ 


C7 

□ 


□ 


□ 


■ 


□ 


■ 


□ 


□ 


□ 


■ 


□ 


□ 


□ 


■ 


□ 


■ 


□ 


□ 


□ 


□ 


□ 


■ 


■ 


□ 


■ 


□ 


■ 


□ 


■ 


■ 


□ 


□ 


□ 


□ 


□ 


■ 


■ 


□ 


□ 


□ 


□ 


□ 


■ 



Figure 1. Character A in 7 x 7 Format 



The print head is moved across the paper by the main 
motor drive. The main motor drive consists of a 24-pole 
synchronous motor which drives a rotating plastic drum. 
The drum has a spiral groove molded into it and a pin on 
the print head rests in the groove so that the print head 
traverses the paper as the drum rotates. Characters are 
printed by firing the solenoids during the left-to-right 
traverse. At the end of the print area, the spiral groove 
reverses the direction of the print head returning it to its 
home position. 
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A HOME microswitch riding on a cam attached to the 
plastic drum provides the only feedback as to the print 
head position. When the print head is in its home resting 
position the HOME switch is inactive. To start a print 
cycle, the main motor drive is activated which starts the 
print head motion. As the print head reaches the begin- 
ning of the print area, the cam activates the HOME 
switch as a signal to the printer controller to commence 
firing the solenoids. The controller then activates the 
solenoids as appropriate for each character in the line. 
The print area is defined as the 310ms immediately after 
HOME goes active. Solenoid timing is the responsibility 
of the controller; the printer mechanism supplies no 
character-position information. 

After the line is printed and the print head has traversed 
right to left, the HOME switch is deactivated. This transi- 
tion signals the controller to turn off the main motor 
drive since the home position has been reached. A new 
print cycle may start immediately if data is ready. 

Paper feed is accomplished with a second synchronous 
motor and a PFEED (Paper Feed) microswitch. In the 
quiescent state, the PFEED switch is inactive. Activating 
the paper feed motor drive starts the line feed cycle. The 
switch becomes active at some point during the cycle 
(typically about 48ms later) and is deactivated when the 
cycle is complete. The controller uses the active-to- 
inactive transition to remove the paper feed motor drive. 
The paper feed operation is independent of the print cycle 
so the two could occur simultaneously. Figure 2 shows 
the timing required by the printer for a print cycle fol- 
lowed by a line feed. 



PAPER FEED 
MOTOR DRIVE 




— --| |— -48m 



"L 
1_ 



Figure 2. LRC 7040 Motor Drive Timing 



Solenoid timing determines the location of any given 
"dot" and its intensity. The LRC 7040 printer specifica- 
tion states a 400/js maximum solenoid "ON" time and a 
1.3ms typical period. Since the print area is 310ms "long" 
this timing allows a total of 240 dots (310ms/1.3ms per 
dot) in one row or 40 characters on a 5 x 7 matrix with a 
one dot space between characters. While 5x7 characters 
have acceptable readability, their distinctness and format 
can be improved with a 7 x 7 matrix, however, 40 7 x 7 
characters translate to 320 dots per row or a 0.97ms 
solenoid period. This violates the solenoid duty cycle spec 
if the solenoids are fired for every column. The best way 
to get around this dilemma and still retain the improved 
readability of the 7x7 format is to simply fire the 
solenoid every other column. The 8295 uses this technique 
and the "every-other" column spacing is reflected in 
Figure 1. The 8295 character set is included in Figure 3. 



CHARACTER SET 



Hex Code 


Print Char. 


Hex Code 


Print Char. 


Hex Code 


Print Char. 


Hex Code 


Print Char. 


20 


space 


30 





40 


@ 


50 


P 


21 


I 


31 


1 


41 


A 


51 


Q 


22 




32 


2 


42 


B 


52 


R 


23 


# 


33 


3 


43 


C 


53 


S 


24 


$ 


34 


4 


44 


D 


54 


T 


25 


% 


35 


5 


45 


E 


55 


U 


26 


& 


36 


6 


46 


F 


56 


V 


27 




37 


7 


47 


G 


57 


w 


28 


( 


38 


8 


48 


H 


58 


X 


29 


) 


39 


9 


49 


1 


59 


Y 


2A 


• 


3A 




4A 


J 


5A 


z 


2B 


+ 


3B 




4B 


K 


5B 


[ 


2C 




3C 


< 


4C 


L 


5C 


\ 


2D 




3D 




4D 


M 


5D 


] 


2E 




3E 


> 


4E 


N 


5E 


T 


2F 


/ 


4F 


? 


4F 


O 


5F 





Figure 3. 8295 Character Set 
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8295/Printer Interface 

It's the job of the 8295/Printer interface to convert the 
TTL-compatible outputs of the 8295 to the motor and 
solenoid drive levels. Since the printer side of the 8295 is 
independent of the system side, this same 8295/Printer 
interface is used for all examples discussed in the later 
sections. 

For solenoid drive, the 8295 supplies seven solenoid out- 
puts, SI thru S7, plus a solenoid strobe, STB. STB 
modulates the S1-S7 outputs externally to supply the ac- 
tual solenoid "ON" time. This time is software program- 
mable. Figure 4 shows the recommended S1-S7/STB 
gating. 




The solenoids must be driven from a 40 ± 10°7o volt 
source. The peak current is approximately 3.6A, the 
average current is approximately 0.5A. A circuit pro- 
viding the required drive is shown in Figure 5. The output 
stage, consisting of the 2N6045 Darlington transistor, the 
1N4O02 catching diode, and the 100-ohm damping 
resistor, is the one suggested by the manufacturer. The in- 
put stage is a discrete implementation of a DTL gate. 
Note that the base-emitter junction of the 2N6045 pro- 
tects the 2N2222A transistor from overvoltage on its col- 
lector. This circuit has several features which are impor- 
tant to the printer interface: 



1. 



2. 



All solenoid power (including the power used to drive 
the base of the power transistor) is derived from the 
40-volt supply. 

Disconnecting the drivers from the 8295 or the loss of 
the 5-volt supply to the 8295 results in the solenoids 
turning off. 



The first feature of the drivers minimizes the impact of 
the printer and its interface on the 5-volt supply. The sec- 
ond feature prevents the activation of the solenoids er- 
roneously during power on/off cycles or during system 
checkout. This an important point since the solenoids will 
be damaged if left activated continuously. The fuses is 
series with the solenoids help protect them from mishap. 

The two motors can each be driven as shown in Figure 6. 
The Monsanto MCS-6200 is an optically-coupled TR1AC 
which is ideal for driving the small synchronous motors 
in the printer. Coupled with a buffer this part provides a 
simple means of controlling the motors without sacrific- 
ing the isolation required for safe and reliable operation. 

These driver circuits were borrowed from the Intel ap- 
plication note AP-27 "Printer Control With the UPM1" 
(The 8295 development was inspired by the success of the 
AP-27 design.) Other solenoid and motor driver circuits 
are described in the LRC Interface Guide available from 
the manufacturer. 



Figure 4. Solenoid and Motor Gating 




Figure 5. Solenoid Driver 



Figure 6. Motor Driver 
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pin to a logic low state. After power on it is 
automatically set high. 

01 Clear GP2. Same as the above but tor GP2. 

02 Set GP1. Sets GP1 pin to a logic high state, 
inverse of command 00. 

03 Set GP2. Same as above but for GP2. In- 
verse command 01. 

04 Software Reset. This is a pacify command. 
This command is not effective immediately 
after commands requiring a parameter, as 
the Reset command will be interpreted as a 
parameter. 

05 Print 10 characters/in. density. 

06 Print 12 characters/in. density. 

07 Print double width characters. This com- 
mand prints characters at twice the normal 
width, that is, at either 17 or 20 characters 
per line. 

08* Enable DMA mode; must be followed by 
two bytes specifying the number of data 
characters to be fetched. Least significant 
byte accepted first. 

09 Tab character. 

OA Line feed. 

0B' Multiple Line Feed; must be followed by a 
byte specifying the number of line feeds. 

0C Top of Form. Enables the line feed output 
until the Top of Form input is activated. 



enables the printer to start printing. 
0E" Set Tab #1, followed by tab position byte. 
OF' Set Tab #2, followed by tab position byte. 

Should be greater than Tab #1. 

10* Set Tab #3, followed by tab position byte. 
Should be greater than Tab #1. 

11 Print Head Home on Right. On some 

printers the print head home position is on 
the right. This command would enable nor- 
mal left to right printing with such printers. 

12* Set Strobe Width; must be followed by 
strobe width selection byte. This com- 
mand adjusts the duration of the strobe 
activation. 



D7-D3 


D2 


D1 


DO 


Solenoid on 

(MS) 














200 











1 


240 








1 





280 








1 


1 


320 





1 








360 





1 





1 


400 





1 


1 





440 





1 


1 


1 


480 



' parameter(s) required 



Figure 7. 8295 Command Sel 



8295 Command Software 

The software control of the 8295 is very straightforward. 
The host processor simply issues ASCII characters to the 
8295. The printable characters, 20H thru 5FH, are stored 
in the on-chip FIFO for printing while the non-printable 
codes, 00H thru 12H, serve as 8295 commands. (Codes 
13H thru 1FH are treated as no-ops.) The 8295 command 
set is shown in Figure 7. Note that some of the commands 
require an extra byte or two of information (parameters). 
These additional parameters must follow the command 
otherwise data and parameters might be confused. Com- 
mands and data may be mixed at any time although while 
the data is stored in the FIFO, commands take effect im- 
mediately. Commands do not "pass-thru" the FIFO. 

All printable characters are entered into the FIFO. The 
FIFO is printed when either a Carriage Return command 
is received or the FIFO becomes full. In either case, the 
FIFO is printed, however there is no automatic line feed 



unless the printer happens to be so equipped mechanical- 
ly. Thus, a Line Feed command should be issued after 
each Carriage Return or after the last character to fill the 
FIFO. The FIFO is printed as soon as the character that 
filled it is accepted. If the character immediately follow- 
ing this filling character is a Carriage Return, the 8295 ig- 
nores it to prevent a useless print cycle. 

Some commands clear the FIFO. The Carriage Return 
command effectively clears the FIFO since it causes the 
FIFO contents to be printed. The character density and 
width commands also clear the FIFO however they do 
not print its contents; the FIFO size is adjusted by these 
commands. Obviously, a 10 chr/in density with double 
width printing would not allow 40 characters per line. The 
8295 recognizes this fact and modifies internally the 
FIFO size limits. The FIFO size is modified according to 
the table below. For example, if the density is 10 char/in, 
single width printing, the 8295 accepts only 33 printable 
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characters before starting a print cycle. Since these com- 
mands take effect as soon as they are accepted, this 
prevents mixing different character densities or widths on 
a given line. Any such commands must precede the data 
for a line. 



DENSITY WIDTH 

12 SINGLE 

12 DOUBLE 

10 SINGLE 

10 DOUBLE 



BUFFER SIZE 

40 

20 
33 
17 



The Software Reset command clears the FIFO, resets the 
density to 12 chr/in and selects single width printing. It 
does not effect the solenoid strobe width, the tab posi- 
tions, or the general purpose outputs. This command 
should be issued only when the 8295 is expecting a com- 
mand or data. Issuing it when the 8295 is expecting a 
parameter causes it to be interpreted as the parameter 
and not the intended software reset. 

A hardware reset causes the 8295 to default into the 
following states: 

1. Clears the FIFO 

2. GP1 and GP2 set high 

3. 12 chr/in density 

4. single width prining 

5. 320jis strobe width 

6. tab positions indeterminate. 

Parallel Interfaces 

The 8295 has the option of using serial or parallel com- 
munication with the main processor. The choice must be 



made early in the design cycle since it is a hardware, not a 
software, selection. Let's look at the parallel options first. 

In parallel mode, the 8295 has the traditional 
microprocessor bus interface: data, control, etc. The 
parallel mode is selected by not grounding the IRQ/SER 
pin. To the main processor, the 8295 in parallel mode ap- 
pears as two registers: the Input Data register and the 
Output Status register. The main processor writes com- 
mands and data into the Input Data register while it reads 
the 8295 status from the Output Status register. 

The Output Status register format is shown in Figure 8. 
The Input Buffer Full bit (IBF) indicates whether the 8295 
has accepted the previous command or data byte. IBF is 
automatically set when the host processor writes to the 
8295 and it is reset when the 8295 accepts the data or 
command. If 1BF = 1, no writes to the Input Data register 
are allowed. Only when IBF = may a Input Data register 
write be done. The DMA Enable bit (DE) is set whenever 
the 8295 is performing DMA data transfers. When the 
specified number of transfers has been made, the DE bit 
is cleared. Since DMA cycles are usually transparent to 
the main processor, the DE bit tells the processor when 
the DMA block transfer is complete. 

The processor does not always have to read the Output 
Status register, checking IBF, before loading the Input 
Data register. An interrupt output (IRQ) pin is available 
to interrupt the processor whenever the 8295 is ready to 
receive new data or commands. The fact that IRQ is set 
implies that IBF = 0, so it's not necessary for the pro- 
cessor to read the 8295 status when interrupted; it can 
just write the next byte. 



OUTPUT STATUS REGISTER 



7 


6 


5 


4 


3 


2 


1 






NOT USED 

IBF-INPUT BUFFER FULL 
NOT USED 
DE-DMA ENABLE 
NOT USED 



Figure 8. Output Status Register Format 
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Figure 9 shows the system schematic for using the 8295 in 
polled-paraliel mode in an 8085A system; ie the IRQ line 
is not used. The 8085A/8295 interface is standard as for 
any Intel peripheral. CS is decoded from the high-order 
address lines. RD and WR are the 8085A read and write 
control lines. RESET is the system reset. 

Example 8085A polling software is shown in Figure 10. 
This routine simply outputs the print buffer starting at 
the location pointed to in PRTSRT. The system software 
builds the buffer, terminates it with a OFFH character, 
and loads PRTSRT before calling PRINT. 

PRINT is not very efficient with respect to processing 
time. Since the 8295 does not accept data while in a print 
or line feed cycle, if the buffer contained more printable 
characters than the FIFO size, the processor would sit in 
the PRT2 loop during the 800ms print and 200ms line 
feed cycles. That is obviously not too efficient. The ob- 
vious way around this problem is to restrict the buffer 
size to less than that of the FIFO however this could com- 
plicate the system software since more buffer building is 
required. A better approach is to use interrupts. 

By connecting the 8295's IRQ output to one of the 8085A 
RST interrupt inputs (dotted line in Figure 9), the pro- 



cessor is interrupted only when the 8295 is able to take 
another character. Figure 11 shows such interrupt-driven 
software assuming the RST 6.5 interrupt input is used for 
IRQ. 

To further enhance the bus efficiency and processor 
overhead at the expense of slightly more complex hard- 
ware, use the 8295 DMA interface. This DMA interface is 
compatible with the 8257 DMA Controller. With such an 
interface all that's necessary is for the processor to load 
the DMA Controller with the print buffer starting ad- 
dress and write the Enable DMA command and length 
parameters into the 8295. The 8295 does the rest by re- 
questing data directly from memory thru the DMA Con- 
troller. It keeps track of the number of characters to re- 
quest. As long as there are characters remaining to be 
transferred, the DE bit in the Output Status register is set. 
After the last byte is transferred into the 8295, the DE bit 
is reset and the IRQ is made active. Either event is used to 
tell the processor that DMA is complete and the 8295 is 
ready for the next block. It is not necessary to restrict the 
DMA block size to 40 characters, the Enable DMA com- 
mand parameters allow for up to 65k byte block sizes. 
The block size given the 8295 must reflect both data plus 
commands and parameters. 




Figure 9. 8295 Parallel Interface 
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HSM88 Fl 95F19 SRC TITLEC3235 AF NOTE FIGURE 10 ■ 



ISIS-II 8088/8885 MACRO ASSEMBLER, 
3295 RP NOTE FIGURE 18 



xies 



MODULE 



LOG OBJ 



SEC! 



SOURCE STATEMENT 



2000 

0002 
0021 
0031 



:■ SYSTEM EBUHTEs 
PRlSRT EQU 2UD8H 
IBF EQU 82H 
STS95 ECU 31H 
DATA95 EQU 31H 



; POINTER STORlTGE 
, IBF FLHij MASK: 
3295 STATUS REGISTER PORT 
,8235 DATA REGISTER PUftl 



8 
9 

10 
11 

12 
13 



2838H 



, PRINT BUFFER OUTPUT SUBROUTINE - THIS ROUTINE PRINTS THE BUFFER 
i STARTING FIT THE POINTER STORED AT PRTSR T. THE ROUTINE RETURNS WHEN 
■A 8FFH IS FETCHED FROM THE BUFFER. 





14 i 








2038 E5 


15 PRINT: 


PUSH 


H 


i SAVE HL 


2031 C5 


16 


PUSH 


B 


.. SAVE BC 


2032 2RD020 


A 7 
±< 


LHLD 


PRTSRT 


i GET BUFFER POINTER 


2035 7E 


18 PRTl: 


MOV 


A.. M 


; GET CHARACTER FROM BUFFER 


2036 47 


19 


MOV 


B,A 


;SAVE 11 IN B 


2837 FEFF 


20 


CP I 


8FFH 


, IS IT THE BUFFER END? 


2839 CA4A20 


21 


JZ 


PEX1 1 


;VES, GO EXIT 


203C DB31 


22 PRT2: 


IN 


STS95 


;N0, READ 3295 STATUS 


283E E682 


23 


ANi 


IBF 


i LOOK AT IBF FLAG 


2840 C23C28 


24 


JNZ 


PRT2 


1 WAIT UNTIL IBF=0 


2843 78 


25 


MOV 


A..B 


; RECOVER CHARACTER 


2044 D331 


26 


OUT 


DATA95 


; OUTPUT TO 8295 


2046 23 


27 


m 


H 


; BUMP BUFFER POINTER 


2047 C32528 


28 


..IMP 


PRTl 


i GET NEXT CHARACTER 




29 i 








284A CI 


38 PEXIT: 


POP 


B 


, RESTORE BC 


204B El 


31 


POP 


H 


; RESTORE HL 


204C C9 


32 


RET 




i RETURN 




33 I 










34 


END 







PUBLIC SYMBOLS 



EXTERNAL SYMBOLS 
USER SYMBOLS 

DATA95 A 0831 IBF A 8802 PEXIT A 284A PRINT A 2830 PRTl A 2835 PRT2 A 283C PRlSRT A 20D0 
STS95 A 0831 

ASSEMBLY COMPLETE, NO ERRORS 

Figure 10. 8085A/8295 Polling Subroutine 



All mnemonics copyrighted © Intel Corporation 1976. 
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8295 AP NOTE FIGURE 11 



LOC OBJ 



SEQ 



SOURCE STATEMENT 



1 «WD85 



28D0 

8002 

8931 
8831 



8834 
8834 

2030 



2038 E5 

2031 F5 

2032 2AD828 

2035 7E 

2036 FEFF 
2038 CA4520 
2038 D331 
203D 23 
283E 22D820 
2841 Fl 

2042 El 

2043 FB 

2044 C9 

2045 3E0A 
2047 38 
2848 C34128 



PUBLIC SYMBOLS 

EXTERNAL SYMBOLS 

USER SYMBOLS 
DflTfl95 fl 0831 



4 

5 
6 
7 
8 
9 

1@ 
11 

12 
13 
14 
15 
16 
17 
18 
1? 
28 

a 

22 
23 
24 
25 
26 
27 
23 
29 
38 
31 
32 
33 
34 
35 
36 
37 
33 
39 
40 
41 
42 
43 



, SYSTEM 


EQUATES 






PRTSRT 


EQU 


28D0H 


..POINTER STORAGE 


lor 


EQU 


82M 


; IBF FLAG MASK 


STS95 


EQU 


31K 


,8295 STATUS REGISTER PORT 


DATA95 


EQU 


31H 


i 8235 DATA REGISTER PORl 


;RST6 5 


INTERRUPT VECTOR LOCATION - JUMP TO PRINTER SUBROUTINE 




ORG 


34H 




• 

RST65 : 


JMP 


PRINT 


j GO 10 PRINT ROUTINE 



ORG 



2838H 



; PRINTER OUTPUT SUBROUTINE FOR INTERRUPT-DRIVEN SYSTEM - OUTPUTS 
>CHR POINTED AT BY PRTSRT. If CAR IS 8FFH.. THE BUFFER IS COMPLETE 
:■ AND THE RST6. 5 INTERRUPT IS MASKED 1HE MAIN PROGRAM MUST UNMASK 
,RST6. 5 AFTER IT BUILDS A NEW BUFFER. PRINT BUFFER STATUS IS REFLECTED 
;T0 THE MAIN PROGRAM BY TIC RST6. 5 MASK BIT IN RIM INSTRUCTION. 



PRINT PUSH 
PUSH 
LHLD 
MOV 
CP I 
JZ 
OUT 
INX 
SHLD 
POP 
POP 
EI 
RET 



PRTl: 



EXIT: 



MVI 
SIM 
JMP 

END 



H 

PSW 

PRTSRT 

A, M 

0FFH 

EXIT 

DATA95 

H 

PRTSRT 

PSH 

H 



A, 8AH 
PRTl 



i SAVE AL 
i SAVE PSW 

• GET BUFFER POINTER 

, GET NEXT CHR 

> TEST IF BUFFER COMPLETE 

,YES, GO EXIl WITH kST MASKED 

i NO, OUTPUT CHR TO 8295 

. BUMP POINTER 

. RESTORE POINTER 

, RESTORE PSW 

i RESTORE HL 

, RE-ENABLE INTERRUPTS 

■ RE I URN 

i MASK! RST6. 5 

;SET INTERRUPT MASK 

i GO EXIT WITH MASK IN PLACE 



EXIl 



A 2845 IBF 



A 0002 



PRINT A 2838 PRTl A 2841 PRTSRT A 28D8 RSI 65 A 0034 



Figure 11. 8085A/8295 Interrupt-Driven Software 



All mnemonics copyrighted © Intel Corporation 1976. 
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S TRAP 

i hst; 5 

- RSIS 5 
° INTft 



HOLD a 
HLDA - 



RESETOUT - 
RST6.S J! 




AT 



1 



rrmm 



CO~ft 
MEMW 



AD5TB 
AEN 



DRG3 
DACK3 



1 A2 A3 A4 AS Afl A? AS A9 



HIT 



CLR VCC 



AO A1 A? A3 A4 AS 




ram 



104 I 

ir i 



Dl 



~3- 
5 



PFEEO 
HOME 
MOT 



~1F 



Figure 12. 8295/DMA lnlcrface 



ASM80 :Fi:9SFO.SRC TITLEC3295 AP NOTE FIGURE 13') 



ISIS- 1 1 8880/8885 MACRO ASSEMBLER.. X188 MODULE PAGE 1 

8295 AP NOTE HGURE 12 



LOC OBJ 


SEQ 


SOURCE STATEMENT 






1 $M0DS5 










3 i SVSTEM EQUATES 






0838 


4 M0DE57 


EQU 


38H 


■8257 CONTROL PORT 


9036 


5 CH3ADR 


EQU 


26H 


;8257 CH3 ADR PORT 


8037 


6 CH3TC 


EQU 


27H 


> 8257 CH3 TC PORT 


8882 


7 IBF 


EQU 


82H 


; IBF mask: 


0829 


8 STS95 


EQU 


28H 


.8295 STAIUS PORT 


8828 


9 DHTR95 


EQU 


2CH 


;8295 DHTA PORT 




19 ■ 








2838 


11 


ORG 


2820H 






12 i 










13 iMfft-ORIVEH PRINT RATINE - 1 HE MAIN PROGRAM CALLS THIS SUBROUTINt 




14 ..AFTER BUILDING H PRINT 


SUFFER AND TESTING THE 8295 DE BIT FOR 




15 .■ DDMPLETION OF THE LAST DMA BLOCK IRANSFER THE STARTING ADDRESS 




16 ; \ f THE 

XV 9 Wt r 1 ll_ 

17 ; 


PRINT BUFFER IS PASSED IN THE DE REGISTER PAIR, THE COUNT 


2939 3E87 


18 PRINT 


NVJ 


A, 07H 


i DISABLE DMA CH3 


2032 D22o 


19 


OUT 


M0DE57 


i 8257 CONTROL PORT 


2834 7B 


20 


MOV 


A. E 


i GE1 ADR LSB 


2025 D226 


21 


OUT 


0I2ADR 


■8257 CH3 ADR PORI 


2037 7fl 


22 


MOV 


0fb 


i liET HDP MSB 


2828 D22C 


23 


OUT 


CH3ADR 


i 8257 CH3 ADR: PORT 


282A 2EFF 


24 


m 


A,8FHI 


•MAKE CH3 IC FFFFH 


283C D22? 


25 


OUT 


CH2TC 


.3257 UH2 IC PORT 


202E 3EBF 


26 


MVI 


ft 9BFH 


.■DMA DIRECTION IS MEMORY READ 


2848 D337 


27 


OUT 


CH3TC 


i 82,-5 CH2 TC PORT 


2042 1698 


28 


MVI 


D, 9SH 


■ENABLE DMA COMMAND 10 8295 


2044 CD5428 


29 


CALL 


0UT95 


,OUTaiT 10 8295 


2047 51 


30 


MOV 


D,C 


■ GET LSB OF COUNT 


2048 i;[)5420 


31 


CALL 


0U195 


■OUTPUT TO 8295 


294B 50 


32 


MOV 


D,B 


i GET MSB OF COUNT 


204C CD5428 


3< 


CALL 


0UT95 


; OUTPUT TO 3295 


284F 3E0F 


24 


MVI 


A,9FH 


! ENABLE CH2 DMA 


2851 D338 


35 


OUT 


MUDE57 


;8257 CONTROL PORT 


2053 C9 


36 

W ' 1 


RET 




: RETURN 


2054 L<B20 


38 0UT55 


IN 


STS95 


■READ 8295 STATUS 


2856 E602 


29 


ANi 


IBF 


■ LOOK AT IEF FLAG 


2058 C25428 


48 


mz 


OUT 95 


■ WAIT UNTIL 1BF=8 


285B 7A 


41 


MOV 


Hi D 


■GET DATA 


205C D328 


42 


OUT 


DATA95 


; OUTPUT 10 8295 PORT 


285E C3 


42 


RET 




i RETURN 




44 i 










45 


END 







PUBLIC SVMBOLS 
EXTERNAL SVMBOLS 
USER SVMBOLS 



Figure 13. 8295 DMA Subroutine 

All mnemonics copyrighted © Intel Corporation 1976. 
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Figure 12 illustrates an 8257/8295 interface and Figure 13 
shows example software for handling the system. This 
software assumes that the 8295 is doing the counting of 
the transfers hence the Terminal Count of the 8257 DMA 
channel is loaded with the maximum value while the 8295 
receives the actual block size. The 8295 simply stops mak- 
ing requests once the requested number of transfers have 
been made. 

Serial Interface 

In addition to the parallel interface options, the 8295 sup- 
ports a "stand-alone" serial interface. In this mode, the 
only communication with the main processor is via a 
serial link. This configuration is perfect for remote 
printer applications; only three wires are required com- 
pared to 12 or 13 for the parallel interfaces. 

The serial mode is envoked by simply grounding the 
IRQ/SER pin. See Figure 14. The internal 8295 software 
interrogates this pin upon power-on and rec onfigure s the 
function of several pins if it's grounded. The DACK/SIN 
pin becomes the serial data input (SIN) and the DR- 
Q/CTS pin becomes the hardware data holdoff, Clear- 
to-Send. The lower three Data Bus pins become the Baud 
Rate Select inputs. Note that it is necessary to ground CS 
and WR, and pull RD high. This enables the "input" 
direction of the Data Bus pins so that the 8295 may read 
the baud rate. All standard baud rates from 110 to 4800 
baud are accommodated. 



After power-on the 8295 looks at IRQ/SER and if it's 
grounded, the data bus pins are read to determine the 
baud rate. Data from the serial input is requested by 
lowering CTS. CTS stays low until during the eight bit of 
the serial data character at which point it goes high (inac- 
tive). After the character is assembled and interpreted, 
CTS again goes active to request the next character. The 
8295 does not check for parity and characters with in- 
valid start bits or framing errors (stop bit wrong polarity) 
are ignored. CTS is normally connected to the UART's 
CTS input. An inactive CTS holds off the UART 
transmitter from transmitting characters. 

In serial mode, the command and data definitions still 
apply as in parallel mode. Commands and data may be 
mixed although commands take effect immediately when 
received. 

Figure 15 shows example software to drive an 8251A Pro- 
grammable Serial Interface when connected to an 8295. 
This software is similar to Figure 10 except it assumes that 
the 8251A has the same I/O port addresses as the 8295 
had in Figure 9. Note that the TXE (Transmitter Empty) 
flag is used to load data into the 8251A transmitting both 
characters in the transmitter (the transmitter is double 
buffered) if CTS goes inactive. The TXE flag allows only 
one character at a time in the transmitter so CTS going 
inactive simply finishes off the current character. The 
8295 accepts only one character at a time. 




TXD 
CTS 



1200 
2400 
4800 



+ 5V 

o- 



bMHI 

irQ-t 



1 



vcc 


X1 


X2 


I 


vpp 








DO 








01 




PFEED 
HOME 






D2 
















D3 




MOT 














D4 




PFM 














D5 




STB 






06 


8295 


S7 




PRINTER 


07 




S6 
S5 




INTERFACE 


B0 




S4 






CS 




S3 






WR 




S2 






IRQ/SER 




SI 






VSS 








SIN 








CTS 









Figure 14. 8295 Serial Interface 
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ASM88 F135F15. SRC TITLE' '8295 AP NOTE FIGURh 150 



ISIS-II 8888/8885 MACRO ASSEMBLER.. 
8295 AP NOTE FIGURE 15 



X188 



MODULE PAGE 



LOC OBJ 



SEQ 



SOURCE STATEMENT 



2809 

8821 
8831 



2838 E5 

2831 C5 

2832 2AD828 
2035 7E 

2836 47 

2837 FEFF 

2839 CA4A28 
203C DB31 
203E E684 

2840 CH3C28 

2843 78 

2844 D331 
2846 23 
2047 C33528 

204A CI 
204B El 
204C C9 



8 
9 
18 
11 
12 
13 
14 
15 
16 
17 
IS 
13 
28 
21 
22 
23 
24 
25 
2b 
27 
28 
2S' 
30 
31 
32 
33 
34 



IM0DS5 

, SYSTEM EQUATES 
PRTSRT m 20D8H 
TXE EQU 04H 
STS51 EQU 31H 
DATA51 EQU 31H 



; POINTER STORAGE 

i IXE FLflS MASK 

• 8251 iTATUS REGISTER PORT 

:3251 Bfflfl REGISiLR PORT 



org 



2838H 



.■ PRINT BUFFER OUTPUT SUBROUTINE - THIS ROUTINE PRINTS THE BUFFER 
:■ STARTING AT TIE POINTER STORED AT FRTSRT. I HE ROUTINE RETURNS WHEN 
i A 0FFH IS FETCHED FROM THE BUFFER 



PRINT: PUSH 
PUSH 
LHLD 
MOV 
MOV 
CM 
J2 
IN 
ANI 
JZ 
MOV 
OUT 
INX 
JMP 



PRT1. 



PRT2 ' 



PEXH 



POP 
POP 
RET 

END 



H . SAVE HL 

B . SAVE BC 

PRTSRT ; GET BUFFER POINTER 

A, M ..GET CHARACTER FROM BUFFER 

B, A ..SAVE IT IN B 

0FFH , IS IT THE BUFFER END"' 

PEXIT ;VES, GO EXIT 

STS51 ..NO, READ 8251 STATUS 

TXE /LOOK AT IXE FLAG 

PRT2 ;HAIT UNTIL TXE=1 

A, B , RECOVER CHARACTER 

DATA51 ■ OUTPUT TO 8251 

H i BUMP BUFFER POINTER 

PRT1 ;GET NEXT CHARACTER 

B ■ RESTORE BC 

H ; RESTORE HL 
i RETURN 



PUBLIC SVMBOLS 



EXTERNAL SVMBOLS 



USER SVMBOLS 

DATA51 A 8831 PEXIT A 284A PRINT A 2038 PRT1 A 2035 PRT2 A 203C PR1SRT A 20D8 STS51 A 0021 
TXE A 0864 

ASSEMBLY COMPLETE, NO ERRORS 



Figure 15. 8251A Subroutine 



All mnemonics copyrighted © Intel Corporation 1976. 
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Figure 16. 8295 Flow Chart 



8295 SOFTWARE 

For those readers using the 8295 as a design example for 
UPI software, the flow charts for the program are shown 
in Figure 16 and the 8295 source listing is included as 
Appendix A. (Machine readable source listings are 
available through Insite, the Intel User's Library.) As an 
aid to understanding this software, the following obser- 
vations can be made: 

1 . The 8295 uses only Register Bank 0. The function of 
registers R6 and R7 is determined by the mode. In 
parallel mode they are concantenated to form the 16 
bit DMA count register. In serial mode, R6 is a 
counter during character reception. 



2. Characters and commands are input from the Input 
Data register via the INPUT subroutine. The routine 
defines the input mode, fetches the data, and stores it 
in R2. If the DMA mode is enabled, the block count in 
R6 and R7 is decremented by the DECR routine each 
time a data transfer occurs until the count is 
exhausted. 



3. Characters are decoded by routine P6A which also 
detects any illegal characters by the INPUT routine. 
R0 is assigned as the character buffer pointer and R4 
is designated as the buffer size limit. The commands 
which affect the buffer size will affect R0 and R4. 
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uucti jump iaoie. ine command routines are easy to 
understand from the listing hence they are not includ- 
ed in Figure 16 but simply referenced. 

5. Register R3 is the bit-oriented command register. Each 
bit of R3 represents an operating mode. This defini- 
tion is shown below. 



COMMAND REGISTER — R3 




SOLENOID STROBE TIME 
RIGHT JUSTIFIED FLAG 
10CHRIIN FLAG 
DOUBLE WIDTH FLAG 
DMA MODE FLAG 
SERIAL MODE FLAG 



6. After the character buffer has reached its limit 
(RO = R4) or a CR character is received, the contents 
of the buffer are printed. Subroutine PRINT loads RO 
with the address of the character to be printed and R2 
serves as an index to keep track of the current column 
within the character. Subroutine CHAR determines 
which ASCII table is accessed by setting or clearing 
flag FO. 



the 32 characters on Page 1 or 2 of the Program 
Memory ASCII table. The column index, R2, is then 
added to the result to address the current column. 
Each character is represented by 7 bytes. R2 indexes 
thru each byte to select the appropriate solenoid 
information. 

8. Subroutine COL8 fetches the solenoid on-time and 
off-time constants from a table starting at location 
0F8H. The time is represented by a hex number which 
is used as a loop counter in a software timing loop. No 
character input is allowed while printing is in progress. 



CONCLUSION 

The 8295 is an excellent example of what can be done 
with the UPI-41A family. As a printer controller, it com- 
pletely relieves the main processor of all the real-time 
tasks associated with the control of the printer plus 
valuable system ROM space is not required to store the 
ASCII-to-dot matrix conversion table or the timing soft- 
ware since it's all done in the 8295 itself. As a UPI design 
example, the 8295 illustrates the variety of data transfer 
interfaces available. If the 8295 itself does not fit your 
printer controller requirements, feel free to modify the 
8295 software contained in this application note or that in 
AP-27 and program your own 8741A. 
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APPENDIX A 



ASH48 F1.8295. SRC 

ISIS-II MCS-48/UPI-41 MACRO ASSEMBLER, V2. 8 PAGE 1 

LRC 7848 SERIES PRINTER CONTROLLER SOURCE CODE 

LOC OBJ SEQ SOURCE STATEMENT 

1 $NOD42 TITLECLRC 7848 SERIES PRINTER CONTROLLER SOURCE CODE') 
2 

4:*» 8295 - LRC 7848 SERIES PRINTER CONTROLLER ** 

5 ,** REV. 8 FOR 7X7 CHARACTER MATRIX ** 

6 , ||»MimMMMMWWHMI1l>H >«>«< 1 1 1 1 1 H 1 1 1 1 ►«««»«♦»«♦«»♦«♦ 

7 
8 
9 

18 ; COPYRIGHT (C) 1978 

11 i INTEL CORPORATION 

12 i 3865 BOWERS AVE 

13 i SANTA CLARA, CA 95851 
14 

15 
16 

17 i ************************************************************** 

18 :■** PAGE8 CONTAINS THE INITIALIZATION SEQUENCE, THE OUTPUT ING ** 

19 J** OF DATA TO THE SOLENIODS, THE SERIAL INPUT ROUTINE, THE ** 
28 ,** PAPER FEED ROUTINE, AND THE SOLENIOD FIRETIME ROUTINE ** 

22 

23 *EJECT 

ISIS-II MCS-48/UPI-41 MACRO ASSEMBLER, V2. 8 PAGE 2 

LRC 7848 SERIES PRINTER CONTROLLER SOURCE CODE 

LOC OBJ SEQ SOURCE STATEMENT 



24 










25 










26 










27 
23 










,** 






** 


29 


,** 


; REGISTER ASSIGNMENT TABLE 


** 


38 
31 


;** 






** 


32 


:■** 






** 


33 


:■** 


R8 


INPUT BUFFER POINTER 


** 


34 


; ** 


Rl 


TEMPORARY STORAGE 


*+ 


35 


; ** 


R2 


TEMPORARY STORAGE 


** 


36 


i ** 


R3 


COMMAND REGISTER 


** 


37 


.;** 


R4 


BUFFER SIZE 


** 


38 


;** 


R5 


TEMPORHRV STORAGE FOR DELflV ROUTINE 


** 


39 


, ** 


R6 


LOW ORDER DMA COUNTER 


** 


48 


i ** 


R7 


HIGH ORDER DMA COUNTER 


++ 


41 


;** 


TIMER 


TEMPORARY STORAGE 


** 


42 
43 


j ** 


************ 




** 


44 


i ********** 






*** 


45 










46 


SEJECT 









All mnemonics copyrighted © Intel Corporation 1976. 
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ISIS-II MCS-43/UPI-41 MACRO ASSEMBLER, V2. 8 PAGE 3 

LRC 7040 SERIES PRINTER CONTROLLER SOURCE CODE 



LOC OBJ SE8 SOURCE STATEMENT 



47 
48 


.; ********** 
i ** 




************************* 
** 


49 


;** 


RAH ASSIGNMENT 1ABLE 


** 


5e 

51 


;** 




** 


52 


,** 




************************* 
** 


53 


;** 


RAM ADDRESS 


FUNCTION ** 


54 


i ** 




«* 


55 


i +* 


88-07H 


REGISTER BANK 1 ** 


56 


,** 


88-14H 


PROGRAM STACK ** 


57 


i ** 


15-17H 


TAB POSITION STORAGE ** 


58 


;** 


18-48H 


CHARACTER BUFFER ** 


59 
68 


;. ** 




** 


61 








62 


*EJECT 







ISIS-II MCS-48/UPI-41 MACRO ASSEMBLER, V2.0 PAGE 4 

LRC 7048 SERIES PRINTER CONTROLLER SOURCE CODE 

LOC OBJ SEQ SOURCE STATEMENT 



63 










64 


i *******************************************************, 




65 


,** 






** 


66 


>** 


COMMAND REGISTER DEFINITION 


** 


67 


. ** 






** 


68 










69 


** 






** 


70 


.•** 


BIT 7 


SERIAL MODE FLAG 


** 


71 


;** 


BIT 6 


DMA MODE FLAG 


** 


72 


.;** 


BIT 5 


DOUBLE HIDE FLAG 


** 


73 


,** 


BIT 4 


32 COLUMNS A I NE 


** 


74 


;** 


BIT 3 


RIGHT JUSTIFIED PRINT 


** 


75 


;** 


BITS 2,1,0 INDICATE SOLENOID ON TIME 


** 


76 


;** 






** 


77 
78 










IEJECT 









All mnemonics copyrighted © Intel Corporation 1976. 
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8068 




79 


ORG 










80 

81 








8888 


02 


82 INIT 


OUT 


DB6, ft 


i SET DBF 


0881 


8fl 


83 


IN 


R..P2 


. CHECK SERIRL STRRP 


8002 


B208 


84 


JB5 


FRRR 




9884 


BBS3 


35 


MOV 


R3. #S3H 


j SET SERIHL BIT IN CMD 


9806 


840E 


36 


IMP 


CLP1 




8088 


9A6F 


37 PARR 


RNL 


P2, K8BFH 


0088 


F5 


88 


EN 


FLAGS 




890B 


E5 


89 


EN 


DMP 




888C 


BB03 


90 


Mny 


$$, #03H 




880E 


27 


91 CLP4 


CLP 


ft 


, CLEAR DMA BUSY FLAG 


808F 


98 


92 


NOV 


STS.fi 




8010 


BC48 


93 CLERF' 


MOV 


R4, I40H 


i INITIALIZE BUFFER 


9012 


B818 


94 PGR IN. 


MOV 


R8. #13H 


•INITIALIZE POINTER 


0814 


27 


95 


CLR 


ft 


• RESET STfiCK M SflVE TABS 


0015 


1)7 


96 


MOV 


PSU. ft 


; STACK • 8. ALL FLAGS = 


0816 


3414 


97 DECO 


LRU. 


INPUT 




0813 


3428 


98 


CALL 


P6fl 


; DECODE DATA 


mm 


FC 


99 


MOV 


R.R4 




881B 


D3 


188 


"PL 


A,R8 




801C 


Kit 


101 


jn: 


DECO 








102 








881E 


FC 


183 print 


m 


ft, R3 




eeiF 


C8 


194 


DEC 


R8 


, LOCATE LAST CHPRCTEP INPUT IF R. J. 


8828 


7224 


105 


jb: 


ON 


• CHECK FOR RIGHT JUS1. 


8922 


B818 


186 


MOV 


R8, #13H 


i PRINT FROM THE 0RI6IN 


0824 


9AEF 


187 ON 


flNL 


Pi) WETH ■ TURN DRIVE MOluR ON 


8826 


4626 


108 NHOHE 


JNTl 


NHOME 


i WRIT FOR HOME SWITCH 


8828 


2348 


109 


MOV 


ft. #49H 


i STALL 


882H 


54F8 


110 


CfiLL 


WRIT 




882C 


BF186 


111 'TEF 


MOV 


RZ #06H 


;RJ CUL. INDEX 


882E 


FB 


112 


pov 


H..P3 


■ CHECK FOR R.J 


082F 


7233 


113 


JB3 


CHRP 


;RJ TRUE 


8831 


BR80 


114 


MOV 


P2, #08H 


, INDEX FOR NORM. PRIN1 ING 


8833 


F8 


115 CHAR: 


MOV 


ft. 8R8 


, FETCH CHARACTER 


8834 


85 


116 


BLR 


F0 


iH DETERMINES WHICH CHARACTER TABLE 


8035 


B238 


117 


JB5 


PAGE 




0837 


95 


118 


CPL 


F0 




8838 


54E0 


119 FftOE: 


CfiLL 


XS2 


, FETCH COL. FROM 1 ABLE 


083ft 


AS 


120 


MOV 


Rl.fl 




883B 


FE 


121 


MOV 


fl,R3 


, CHECK FOR D. W. 


883C 


B23F 


122 


JB5 


NOTS 




883E 


95 


123 


CPL 


f-\j 


;F0 INDICATES D. W. MODE 


093F 


F9 


124 HOTS: 


MOV 


ft,Rl 




9048 


147B 


125 


CfiLL 


FIRE 


PRINI COL. 


0042 


FB 


126 


MOV 


fl,R3 


; CHECK RJ 


0043 


7240 


127 


JB3 


RIP 




8045 


2396 


128 


MOV 


ft, *86H 




0047 


DA 


129 


XPL 


ft,P2 




8848 


lfi 


138 


IK 


R2 




9849 


9633 


131 


JIG 


CHAR 


i PRIN1 NEXT COL. 


004B 


9452 


132 


JNP 


LSTCOL 




804D 


27 


133 MP: 


CLR 


ft 


i CIECK RJ, FIRE COLS. IN REVERSE ORDER 
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LOC 


Q6J 


SEG 


SOURCE STATEMENT 




984E 


Dfl 


134 


XRL 


H,R2 




064F 


CR 


135 


DEC 


R2 




8656 


9633 


136 


JNZ 


CHflR 




8652 


B656 


137 LSTCOL 


JF8 


fl4 




6654 


1488 


138 


CflLL 


cas 






237F 


139 fl4: 


NOV 


ft, #7FH 


; CLEAR STB * DATA PINS 


6658 


39 


140 


OUTL 


Pl,fl 




6059 


£.J>±~ 


141 


MOV 


A,#19H 




6656 


54F8 


142 


CflLL 


WHIT 




865D 


F6 


143 


MOV 


A,R3 




885E 


7264 


144 


JB3 


RJ2 




6660 


FC 


145 


MOV 


A,R4 




wQx 




146 


INC 


R8 




0062 


6467 


147 


JMP 


CK 




0064 


2317 


148 PJ2' 


MOV 


ft, #17H 




0666 


C8 


149 


DEC 


R8 


nrrp pdtntfp 


0R67 


08 


158 CK 


XRL 


fl,R« 




woo 




1S1 


JNZ 


XFER 


■tFillPM FHP UFVT PMBfl 






10c nUrIL . 


JT1 


HOME 


■ Strot nunc LUW i 


VMM* 




1S7 


MOV 


A, #28H 


CTfM 1 
i j\t1LL 


A06E 


54F8 


1S4 


CflLL 


WAIT 






Q£MQ 


1SS 


ORL 


P2, #18H 


.< j 1 Ur UK I V t ITU 1 'Jr. 


t!Of £ 


©*TX£ 


1S£ 
1JO 


JMP 


AGAIN 


















CD 
rD 


1-jo i/nmn 


MOV 


fl,R3 


■ CVTT IC CCD T OA MfU\r 
»ca1I lr ^cKinL nUt>t 


Of f J 


"tin 


1*59 


387 


SERROR 


CFPTfll i'MTi FPPHP 


OTf i 






JNI6F 


INBUP 


» wni i Pun fnn rnKmD. 




77 


lOl 


IN 


ft, DBB 








10c 


RETR 










1£7 












ID** 












100 








6676 


B67F 


Ifih F1PF 
100 r ircc 


m 


sgle 








1h7 

10 f 


IN 


fl,Pl 


- n u qui ppfuihiic rm 
.■ U. W. nfif rKtvlUUs LUL. 




■J" 


ICS 


flNL 


ft,Rl 




•30 f r 




1 £Q cm F 

ID J _ , ULu 


OUTL 


P1,H 


flllTPIIT Tfl cm 
i UU 1 rU f 1 U MJL. 






1 7fl rm ft 


MOV 


H,R3 


'M Uth UN ( lnt 


6681 




171 


ORL 


A, #8F8H 




0883 


A3 


172 


MOVP 


A, 9ft 




6084 


536F 


if j 


flNL 


fi,#8FH 




0686 


8986 


If *t 


ORL 


PI, #88H 


C-TPflRF Cfll FUTiTTiC 


0688 


54F8 


1 ? S 

ll V* 


CflLL 


WAIT 




668R 


QQ7C 


If 


flNL 


PI, #7FH 


PiICQDI C Cfll CTOTiDC 

• UlbrtbLt blKtJot 


868C 


FB 


177 
li f 


MOV 


A,R3 


■ ft ritT net TTMC 
• n ut 1 Urr I lnt 


0680 


47FS 


If 


ORL 


A,»8F8H 




(WOT 




If 3 


MOVP 


fi.»H 




6696 


47 




SWfiP 


fl 




0691 


530F 


181 


flNL 


ft,#8FH 




0093 


26 


182 


XCH 


A,R3 




0094 


9299 


183 


JB4 


C18 




0096 


26 


184 


XCH 


A,R3 




6097 


049C 


185 


JSP 


CON 




0099 


2B 


186 C18 


XCH 


ft,R3 




669R 


6396 


187 


ADD 


fl, »86H 


i INCREASE BIAS FOR 18C/I 


66 9C 


B6R3 


188 CON: 


JF8 


SING 


,SKIP IF SINGLE 
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LOC OBJ SEG SOURCE STATEMENT 



889E 8314 


189 


ROD 


ft I14H 


;ADD 7 TO OFFTIME IF D. H. 


88A8 29 


198 


XCH 


ft.Rl 


, SAVE PREVIOUS COL. 


88A1 39 


191 


OUTL 


Pl,fl 


, SAVE PREVIOUS COL. 


86A2 29 


192 


XCH 


ftRl 




88A3 44F8 


193 SIMS 


IMP 


WAIT 






194 










195 

19b , ***** 









197 ; SERIAL ROUTINE, ASSEMBLES THE DESIRED DATA FROM THE 

198 i SERIAL INPUT AND PLACE THE DATA IN THE ACCUMULATOR 





iyy • ***** 




.**«***«**: 


.in******************************* 


88fl5 9RBF 


201 CTS 


ANL 


P2,#8BFH REQUEST /CTS 


Wen i tfrf 


ttJt UNt 


IN 


R.P2 


. LOOP IfNTIL SI ART BIT FOUND 


tftfno rent 


2w 


JB7 


ONE 






ttJ4 




Pi, #0 


■ praT Trap prn 








p;, #^9H 




ivtnr fin 


286 


IN 


R> PI 


> BIR'^ 


Wnr r4t« 


26? 


CALL 


MBIT 


uu t t \ m pi 'pi c 


otBi 8H 


288 


IN 


R- P2 


rHFPt' FflK' c ,TflR'T RIT 
> '.•nc'jf ■. r Lii -* i nr. i oil 


ftflD'' COO"' 


289 


JB7 


ONE 


J WpWCJ J 1 rip. 1 D 1 1 


iiriri.f Drm 

yoc4 Btfcb 


219 


MOV 


Ph ifl^H 
~.r? ■ irwjn 






211 LZ: 


DJNZ 


Pb- LZ 




88B8 EHCE 


21i lONT: 


0JN2 


P.d. 1 LUnV 


[ (TOT* THF FTHHT F'TT<; 


88BA c>A48 


213 


0RL 






oeBL BEQ6 


214 


NOV 


roj won 






215 W14 : 


DJNZ 


R6, W14 


• UfilT 


8800 r4E8 


216 


CALL 


HBIT 






217 


CALL 


HBIT 




eec4 yfi 


218 


IN 


A. P2 




eec5 3? 


219 


CPL 


f) 




ootb rdir 


228 


■JB7 


ONE 


. uprwn 5T0P RIT 




221 


MOV 


H,R1 






■yi-T 

&ic 


RLl 


A 






Gla 


HNL 


ft #7FH 




88CC AA 


224 


MOV 


R2,A 




88CD 93 


225 


RETR 








226 










227 








88CE 74E8 


228 LOAD 


CALL 


HBIT 


i DELAV 1 CVCLE 


8808 74EB 


229 


CALL 


HBIT 




8802 BE83 


238 


MOV 


R6, K83H 




8804 EED4 


231 LI: 


DJNZ 


R6,L1 




06Dt> 80 


232 


NOP 






8807 8A 


233 


IN 


A.P2 


. INPUT SERIAL BIT 


8808 5338 


234 


ANL 


A,#88H 


■MASK BIT 


880A 49 


235 


0RL 


A,R1 


■ADD PREVIOUS BITS 


89DB 67 


236 


RRC 


A 




88DC A9 


237 


MOV 


R1,A 




880D 84B8 


238 
239 


IMP 


C0HT 


; FINISH JOB 


B8DF 9AFE 


249 PF: 


0*11 

nrw. 


P2, iOFEr 


i PF MOTOR OH 


88E1 B98A 


241 


MOV 


RLI8AH 




88E3 2388 


242 P3C 


MOV 


H,i8S8H 




88E5 54F8 


243 


caL 


WAIT 
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LOC OBJ SEQ SOURCE STATEMENT 



86E7 E9E3 


244 


DJKZ 


Ri,P3C 




88E9 F8 


245 IT0: 


MOV 


ft,R8 ;DELflV CONTftNT =8UFF POINTER (18H TO 


90EH 26EA 


246 IT1 


JNT8 


IT1 




89EC 54F8 


247 


call 


HAIT i DELfiV =1MS TO 2. SMS 


88EE 36E9 


248 


JT8 


IT8 




88F8 23F3 


249 


MOV 


A,#8F3H 


STALL 


B8F2 54F8 


258 


CALL 


UflIT 




88F4 8A01 


251 


ORL 


P2,#81H ,PF MOTOR OFF 


88F6 93 


252 P3F 
253 


RETR 






86F8 


254 


ORG 


0F8H 


SOL ON TIME CONSTANTS 


88F8 D4 


255 


DB 


8D4H 


208US ON TIME 


88F9 C5 


256 


DB 


8C5H 


248 


88ffl Bo 


257 


DB 


8B6H 


238 


88FB A7 


258 


DB 


8fl7H 


328 .DEFAULT 


80FC 98 


259 


PB 


98H 


368 


88FD 89 


268 


DB 


89H 


488 


88FE 7A 


261 


DB 


7AH 


440 


B8FF 6B 


262 
263 
264 


DB 


6BH 


488 








266 i PftGE 1 INPUTS 

268 


DECODES, AND EXECUTES COMMANDS AND DATA 








8188 


269 


ORG 


100H 




8108 88 


278 


NOP 






0101 B5 


271 


DB 


(SOI AND 


8FFH) i ADDRESS FOP SET OUTPUT 1 


8182 B2 


272 


DB 


(SQ2 AND 8FFH> ;S02 


8183 BB 


273 


DB 


(ROl AND 9FFH) .ROl 


8184 B8 


274 


DB 


(R02 ANT 0FFH> i R02 


0185 BE 


275 


DB 


(RESET AND 9FFH) ; RESET 


818b AS 


276 


DB 


(B32 AND 8FFH) ; B32 


8187 E4 


277 


DB 


.E48 AND 


0FFH1 , B40 


8188 EA 


278 


DB 


(DHDE ftND 8FFH) , DUDE 


8109 C9 


279 


DB 


(SDMA AND 8FFH) ; SDMA 


010ft H0 


280 


DB 


(SSOL AND 8FFH) ;SSOL 


010B 88 


281 


DB 


(SLF AND 8FFH) ; SLF 


01013 81 


232 


DB 


(MLP AND 0FFH) ;HLF 


018D 84 


283 


DB 


(TOF AND 0FFH) ; TOF 


010E DE 


284 


DB 


CCR AND 8FFH) , CR 


818F 72 


235 


oe 


HI AND 8FFH) ill 


8118 72 


286 


DB 


CT2 AND 8FFH) ;T2 


8111 72 


287 


DB 


(T3 AND 8FFH) ; T3 


8112 F9 


288 


DB 


(R.I AND 8FFH) , RJ 


8113 ft8 


289 


DB 


(SSOL AND 8FFH) i SSOL 




298 










291 










292 








8114 FB 


293 INPUT 


MOV 


A,R3 




8115 F226 


294 


JB7 


VME 




8117 37 


295 


CPL 


A 




8118 D21C 


2% 


JB6 


NODECR 




811ft 8fl48 


297 


ORL 


P2, #48H j SET DRQ FOR DMA 


811C DC1C 


298 NODECR. 


JNIBF 


NODECR 


SHARED BV PARALLEL ( DM 
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LOC OBJ 


SEQ 


S0UK1 STATEMENT 




811E 22 


299 


IN 


H DBG 




B11F 537F 




flNL 


A, #7FH 




0121 HP 


381 


MOV 


R2,A 




8122 3462 


382 


CALL 


DECR 


;D£C TiMA ITUINT FOR [>Mfi i PflRRI 1 Fl 


8124 FA 


383 


NOV 


A,R2 


;[iATfl SinRFHi IN A A VJ 

.» L'l 1 ' n D 1 UI\uL* 111 fl 5c ~:£. 


8125 93 


384 


RETR 








385 YTIE 


w 


CIS 


■ '~-,VP TP) 1 I^F '^f- fc I PI 1 WH (1 PHI IT 1 MP 




~<06 








0128 74ED 


38? P6A 


CALL 


SPCR 


t'HFf'k' FHfc' ^PFPIPI f O^F PP 


04 OQ H94F 


"?0ft 


m 


CHECKS 




yict DC.J'J 




.185 


DATA 


• '.ntL-r-. rUr. /riLll 1 Lftlv 






XRL 


A, M9H 




04 70 Ot 


74 4 

All 


m 


CflD 




04 70 DQ4^ 


'.- ■I TDD 
5±tL 1 Mb . 


MOV 


R1.H5H 


• M bt 1 1 libl 1 J 


04 7d B007 


747 


MOV 


R2#83H 




WljfO rl 


71 J P£DP ■ 

^l^ rbbb 


MOV 


a, mi 


.< LntLK 1 hb 


CM 77 C1Af\ 


74 R 
AID 


,187 


TERROR 


1 TMTT TijD Tfl C'MCj" 


01 xi iymh 


74 C 


m 


TLE'ROR 




Q4 7D 


74 "* 
Slf 


CFl 


A 




wlm.. li 


74 

i-lo 


INC 


A 




OiiL' bo 


74 Ci 

Sly 


m 


H. kO 




ft 1 ?C F-1 


Ac" 


NOV 


MU, 


■ fi GET TAB LOC. 


01 7C PCd 1 ^ 


Ail 


JHC 


PSAfi 


,1-lND WHICH THE 


OlHl 17 


A^<1 


INC 


Rl 




0149 ro7t 


707 
AtA 


DJNZ 


R2, PCB8 




04 AA cr 
VlHH PL 




MOV 


A,R4 


; EXCEED RLL TAB. FILL IN BLHNKS 


a^e Qi'j 
W143 rfli 


Ae.D rbftn 


MO"^ 


R2, A 






DTQP ■ 

Jell K I nb 


MOV 


»R8. #28H 


01 40 10 
(Jl'fO lb 


7'77 


INC 


P8 




ol47 rn 


32E 


MOV 


H,R2 




tfl'tn L'o 




XRL 


A..RO 


• FILL IN LiLHNKS 


814B 9646 


338 


m 


tern 




814D 93 


331 TERROR 


RETR 
















iiAAC DOSS 


777 rucri-'R 


JB5 


SEND 




04 ^fl CO 


i£h Vri 1 H 


MOV 


A,R2 




04 m QO 
olDl no 




MOV 


m a 




wijt ib 


77C 


INC 


R8 




04 S7 sicrj 


55 f 


CALL 


PEON 


)5ET SPECIAL FLHG FOR LAST DATA CHARACTER 


04 Q? 

Oi-J-J .7.1 


>7Q CrilTi • 


RETR 






04 R£ DQ4 ;1 
BlOb b7l4 


7AQ PblTi - 


MOV 


KL #14H 


,M EQ INDEX 


oTDb rn 


7A4 D7r ■ 


MOV 


A,R2 


;A GETS CUD 


04 RQ 4 7 


342 


INC 


A 




□ ISA hQ 


7d7 


XRL 


A,R1 




r££0 

01 JD L-OOO 


744 


JZ 


FOUND 


.;MA1CH ? 


01 FQRQ 




DJNZ 


Rl, F7C 




015F 93 


346 


RETR 








347 








8160 F9 


348 FOUND: 


MOV 


&R1 




8161 B3 


349 


JMPP 


m 


;.JUI1F IN£>IRtCT TO CflD ROUTINE 




358 








8162 FE 


351 DECR: 


MOV 


A,R6 




0163 9678 


352 


JNZ 


LARS 


;C£C R6,R7 AS REG PAIR, RET ON 8 


0165 4F 


353 


oa 


A,R7 
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8166 96SF 


354 


JNZ 


NRST 


8168 2B 


355 


xch 


H,R3 


8169 53BF 


356 


FN. 


A. #0BFH 


8168 28 


357 


XCH 


A,P3 


816C 98 


358 


MOV 


STS.fl 


816D 3A28 


359 


ORL 


P2,#2BH MU MttfePT m 


816F CF 


368 NRST 


DEC 


R7 


8178 CE 


361 LAPS: 


DEC 


R6 


8171 93 


362 


RETR 





363 
364 

365 j ******************************* 

366 . COMMAND LOOK OP TABLE. 

368 
369 

378 Tl .A = ADDP OF CMD JUMP IN CMD TABLE 







371 T2 


i A = 


F, 1 OP 




8172 


17 


372 T3: 


INC 


A 


i A=8, L OR 2H 


8173 


5383 


373 


ANL 


A, #83H 


■ MAS!' SIGNIFICANT BUS 


8175 


8315 


374 


ADD 


A. #15H 


ACCUM = 15.. 16, OP 17H - 


8177 


62 


375 STAB: 


MOV 


T.fl 


; TEMP STORAGE FOR: TAP 


8178 


3414 


376 


CALL 


INPUT 




017A 


0318 


377 


ADD 


Ft I1SH 




817C 


A9 


378 


MOV 


PI- A 




017D 


42 


379 


MOV 


A,T 




017E 


29 


388 


XCH 


A,R1 




01 7F 


Al 


381 


MOV 


0R1,R 




8188 


93 


382 
383 


PETP 






8181 


85 


384 MLF: 


CLR 


F8 


• MULTIPLE LINE FEED 


8182 


248A 


385 
386 


JMP 


LF 




8184 


97 


387 TOF: 


CLR 


C 


. TOP OF FORM 


8185 


A7 


388 


CPL 


E 




8186 


248A 


389 
398 


JMP 


LF 


i LFUTF 


8188 


85 


391 SLF: 


CLR 


F8 


■SINGLE LINE FEED 


8189 


95 


392 


CPL 


F0 




818A 


F69C 


393 LF. 


JC 


P12B 


, LFUTOF 


018C 


B693 


394 


JFO 


P12A 


•SINGLE LF 


018E 


3414 


395 


CALL 


INPUT 




0198 


AR 


396 


MOV 


R2.A 




0191 


C69B 


397 


JZ 


P12C 




8193 


14DF 


398 P12B 


CALL 


PF 




8195 


F69C 


399 


JC 


P12B 




8197 


B69B 


408 


JF8 


P12C 




8199 


EA93 


481 


DJNZ 


R2,P12H ;DECR # OF LINES 


819B 


93 


482 F12C 


RETR 






819C 


0A 


403 P12B. 


IN 


A,P2 




819D 


3293 


484 


JB1 


P12A 




819F 


93 


485 
486 


RETR 






81A8 


3414 


487 SSOL 


CALL 


INPUT 


(FETCH SOL. ON TIME 


81A2 


2B 


408 


XCH 


A,R3 
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81fl3 53F8 


489 


RNL 


fl, #8FRH 


:CLEflP PREV SOL TIME 


81R5 6B 


418 


ROO 


R.R3 




81A6 26 


411 


XCH 


R.R3 




81R7 91 


412 


RETR 








413 








01fl8 FB 


414 B32 


MOV 


A,R3 


. 32 CHARACTER BUFFER 


81R9 4318 


415 


OH. 


fl, #18H 




81AB 530F 


416 


RNL 


fl, #0OFH 




WHO fiB 


417 


NOV 


R3,R 




BlflE BC39 


418 


NOV 


R4, I39H 


,33 CHAR /LINE 


81BB 0412 


419 


.'MP 


ftGflIN 






428 








81B2 8R04 


421 S02 


ORL 


P2.*04H 


« SET G02 


81B4 93 


422 


RETR 








423 








81B5 8R88 


424 SOI: 


ORL 


P2, 188H 


,SET G01 


81B7 93 


425 


RETR 








426 








01B8 9flFB 


427 R02: 


RNL 


P2,#8FBH .RESET G02 


BIBfl 93 


428 


RETR 








429 








BIBB 9AF7 


438 R01 


RNL 


P2, I8F7H ■ RESET G01 


B1BD 93 


431 


RETR 








432 








81BE 89FF 


433 RESET: 


ORL 


PI, #8FFH . RESET PORT 1 


81C0 23BF 


434 


NOV 


fl, #8BFH 




01C2 3fi 


435 


OUTL 


P2,fl 


, RESET PORT 2 


01C3 FB 


436 


NOV 


R,R3 


, RESET CMO EXCEPT FOR SERIAL S, 


81C4 5387 


437 


RNL 


R, #S7H 




81C6 RB 


438 


NOV 


R3,fl 




81C7 04BE 


439 


IMP 


CLR1 


i CLEAR STS * RESET STACK 


01C9 1474 


448 SOMA 


CALL 


OMRIN 




01CB BE 


441 


HOV 


R6,fl 


. LORO OMR COUNTERS 


01CC 1474 


442 


CALL 


OMRIN 




BICE 9flOF 


443 


RNL 


P2,#80FH ; CLEAR INT PIN 


B1D8 HF 


444 


MOV 


R7A 




0101 4E 


445 


ORL 


R,R6 




8102 C662 


446 


JZ 


OECR 




8104 3462 


447 


CRLL 


OECR 




0106 2B 


448 


XCH 


fl,R3 




0107 4340 


449 


ORL 


fl, #48H 


i SET DMA FLRG 


8109 2B 


458 


XCH 


fl,R3 




810B 2318 


451 


NOV 


A, »18H 


■ SET FLRG FOR TELL HOST OMR ON 


810C 98 


452 


NOV 


STS, R 




8100 93 


453 


RETR 








454 








810E 42 


455 CP: 


NOV 


fl,T 


> CHECK BHRX+1 FLRG 


810F 0380 


456 


XRL 


A,t8DH 


,IF BUFF PRINTED HUTO,NO CR. 


81E1 9644 


457 


JNZ 


sprl 




81E3 93 


458 


RETR 








459 










466 








81E4 FB 


461 B48 


NOV 


HR3 


,40 CHARACTER BUFFER 


81E5 53CF 


462 


RNL 


fl,#8CFH 




81E7 RB 


463 


NOV 


R3,A 
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ISIS-I I MCS-48/WI-41 NTCRO ASSEMBLER. V2 8 PAGE 12 

LRC 7846 SERIES PRINTER CONTROLLER SOURCE CODE 

LOC OBJ SE9 SOURCE STATEMENT 



81E8 8418 


464 


JMP 


CLEAR 




465 








466 








467 






81EA 2328 


468 WIDE 


MOV 


A,#28H /DOUBLE HIDE PRINT MODE 


81EC 4B 


469 


ORL 


A,R3 iSETDWBIT 


81ED AB 


478 


MOV 


R3-A 


81EE B818 


471 


MOV 


R8,#13H i CLEAR BUFFER POINTER 


81F0 FC 


472 


MOV 


A,R4 


81F1 D2F6 


473 


JB6 


X8 


81F3 BC2A 


474 


MOV 


R4,#2HH ,32 CHAR BUFFER 


81F5 93 


475 


RETR 




81F6 BC2C 


476 X8 


MOV 


P4, #2rH ,48 CHAR BUFFER 


81F8 93 


477 


RETR 






478 






81F9 FB 


479 M: 


NOV 


A,R3 ,SET RJ BIT IN CMD 


81FA 4388 


488 


ORL 


A.#83H 


81FC AB 


481 


MOV 


R3,A 


81FD 93 


482 


RETR 






483 








484 








485 

AOC ***** 








487 i HBIT SUBR 


AND THE DATA CONSTANTS ARE IN PAGE 3 




489 






83E8 


498 


ORG 


2E9H 




491 






83E8 22 


492 HBIT' 


IN 


A, DBB ; CHECK D8B FOR BUAD RATE 


83E1 43F8 


493 


ORL 


A, I8F8H 


83E3 A3 


494 


MOT 


A, PA 


83E4 AE 


495 


MOV 


R6,A 


03E5 BF83 


496 L0OF1 


MOV 


F7,»83H ,25US PEP LOOP PAIR 


83E? EFE7 


497 L00F'2 


wie 


R7, L0OP2 


83E9 EEE5 


498 


DJNZ 


m, loopi 


83EB 0A 


499 


IN 


A,P2 


83EC 93 


508 


RETR 






581 






83ED D38D 


502 SPCP 


XRL 


A,I8DH ; CHECK CR FLAG, EXIT IF TRUE 


83EF 96F5 


593 


JNZ 


XCR 


83F1 340E 


584 


CALL 


CR 


83F3 BAFF 


505 


MOV 


R2,#8FFH , DO NOT EXECHTF TP n !; r : 


83F5 FA 


586 XCR. 


MOV 


A,R2 


83F6 62 


507 


MOV 


LA 


83F7 93 


588 


RETR 






509 






83F8 


510 


ORG 


3F8H 




511 






83F8 B2 


512 


DB 


8B2H , 110 BAUD 


83F9 84 


513 


DB 


884H , 158 


83FA 48 


514 


DB 


48H ,300 


83FB IF 


515 


D6 


1FH ,688 


83FC 8E 


516 


m 


0EH i 1288 


83FD 86 


517 


DB 


86H ,2400 


03FE 02 


518 


DB 


02H i 4800 
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LRC 7948 SERIES PRINTER CONTROLLER SOURCE CODE 



LOC OBJ SEQ SOURCE STATEMENT 



83FF 82 


519 


DB 


02H i 4890 




528 








521 i *+***********«***+******************»■****************+**« 




522 i OTHER THAN CHAR TABLE, WAIT AND XS2 ROUTINES KISTIN P8GE2 




523 .****' 








524 






02E0 


525 


ORG 


2E0H 


82Ee 531F 


526 XS2 


ANL 


A, tlFH : FINO * ADJUST CHARACTER INDEX 


82E2 89 


527 


MOV 


Rl, A .MULTIPLY INDEX BV 7 


82E3 E7 


528 


RL 


A 


82E4 E7 


529 


PL 


A 


82E5 69 


530 


ADC) 


A..R1 


82E6 69 


531 


ADD 


A, PI 


82E7 69 


532 


ADD 


A, Rl 


82E8 68 


533 


ADD 


A.-P2 .ADD COLUMN INDEX TO CHARACTER INDEX 


82E9 B6F5 


534 


JF8 


PAGE3 


82EB E3 


535 


MOVP] 


A. PA 


82EC 83 


536 


RET 




02ED FC 


537 PFON 


MOV 




82EE D8 


533 


XRL 


A- R0 


82EF 96F4 


539 


JNZ 


FSPft 


82F1 2380 


540 


MOV 


A. #8DH 


82F3 62 


541 


MOV 


T. A 


82F4 93 


542 FSP8 


RETR 






543 
544 






82F5 83 


545 PAGE3 


MOVP 


A..0A 


82F6 85 


546 


aR 


F0 


92F7 83 


547 


RET 




82F8 BD06 


548 WAIT: 


MOV 


P5 . #96H 


82F8 EDFfl 


549 COHX : 


DJNZ 


R5..CONX ,48US PER COUNT OF ACC 


02FC 07 


558 


DEC 


A 


82F0 96F8 


551 


W 


WAIT 


02FF 93 


552 


RETR 






553 








554 








555 








557 i CHARACTER TA6LE IN PflGE 2. 




558 : MSB IS IGNORED. DATA INVERTED 




559 i SEE EXAMPLE CftJ 












560 ,****■ 
561 






8208 


562 


ORG 


dP0H 




563 






8200 41 


564 


DB 


41H it 


8281 3F 


565 


DB 


3FH 


8202 62 


566 


DB 


62H 


0203 3F 


567 


DB 


3FH 


8204 62 


568 


DB 


62H 


8205 3F 


569 


DB 


3FH 


0296 43 


578 


DB 


43H 




571 






8297 70 


572 


DB 


78H i A **** 


9288 6F 


573 


DB 


6FH ; — * 
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PAGE 14 



LOC OBJ 



SEQ 



SOURCE STATEMENT 



8289 56 


574 


D6 


5BH 


029A 3F 


575 


DB 


3FH 


828B 5B 


576 


[>6 


5BH 


828C 6F 


577 


DP 


6FH 


828D 78 


578 


DB 


i8H 




579 






828E 3E 


588 


PB 


3EH 


828F 41 


581 


oe 


41H 


8218 3E 


582 


DB 


3EH 


8211 77 


533 


PB 


77H 


8212 3E 




pb 


3EH 


8213 77 


585 


DB 


77H 


8214 49 


586 


DB 


49H 




587 






8215 41 


588 


DB 


41H 


8216 3E 


539 


DB 


3EH 


8217 7F 


598 


DB 


7FH 


8218 3E 


591 


DB 


3EH 


8219 7F 


592 


DB 


7FH 


8218 :e 


593 


DB 


3EH 


821B 50 


594 


DB 


SDH 




595 






821C 3E 


596 


DB 


3EH 


821D 41 


597 


DB 


41H 


821E 3E 


598 


DB 


3EH 


821F 7F 


599 


DB 


7FH 


8228 3E 


688 


DB 


3EH 


8221 7F 


681 


PE 


7FH 


8222 41 


682 


06 


41H 




683 






8223 88 


684 


DB 


88H 


8224 7F 


685 


DB 


7FH 


8225 36 


686 


DB 


36H 


8226 7F 


687 


DB 


7FH 


8227 36 


688 


DB 


36H 


8228 7F 


689 


DB 


7FH 


8229 3E 


616 


DB 


3EH 




611 






822A 88 


612 


DB 


88H 


822B 7F 


613 


DB 


7 FH 


822C 37 


614 


DB 




822D 7F 


615 




?FH 


822E 37 


616 


PB 


"<7H 
an 


822F 7F 


617 


PB 


7FH 


8238 3F 


618 


06 


3FH 




613 






9231 41 


628 


PB 


41H 


8232 3E 


621 


PB 


3EH 


8233 7F 


622 


PB 


7FH 


8234 3E 


623 


DB 


3EH 


8235 7B 


624 


DB 


7BH 


8236 3E 


625 


PB 


3EH 


8237 59 


626 


DB 


59H 




627 






8238 88 


628 


PB 


80H 



-* — *- 
— * 



i D 



if 



• G 



ISIS-II MCS-48/UFI-41 MACRO ASSEMBLER, V2. 8 
LRC 7848 SERIES PRINTER CONTROLLER SOURCE CODE 



PAGE 15 



LOC OBJ 



SOURCE STATEMENT 



8239 7F 




Oc7 


\ift 


i rn 


823A 77 




638 


r»R 

I'D 


1 1 n 


823B 7F 




CM 
OX 


I'D 


i rn 


823C 77 






PB 


77H 


823D 7F 




D.J.i 


L'O 


f rn 






674 
C7S 


I'D 


PW1 


823F 7F 






DB 


r rn 


8248 3E 




fi77 


DP. 

I'D 


?FH 
^cn 


ti?41 7F 




0.>0 


I/O 


7FU 

f in 






£79 






9243 7f 




64S 


PB 


7FH 






041 


I'D 


7FU 


Pet -j i r 




04 C 

h4? 


HP 


i rn 


•KTO t U 




044 






SO&7 "?F 




043 


Ptfi 


7FU 
( tn 


octo i r 




£df 
040 


I/D 


f rn 


fl-MQ 7C 
Oe.'t J ( t 




o4Y 


I'D 


■ tn 


824A 7F 




648 


DB 


7FH 


A2dP 7F 
Pd'tb ft 




CdQ 
047 


it? 


< tn 


Pd4t Pi 




oDl 


I* 


pin 


erun tin 

Pd4L J WW 






I'D 


wn 


w'MC 7C 




CS7 


LJtJ 


7TLI 

• rn 


024F 6F 




J"r 


r\D 
fD 


tFU 
orn 


0250 77 




655 


l/D 


77M 
' r n 


0251 56 




656 


DB 


5BH 


QTj^D TP, 




0%?f 


rtP 


T*i 

i Un 


8252 3E 




OJO 






8254 90 






nP 




9255 7F 




661 


L'D 


7FH 
f rn 


O£.-.'0 p C 




OOd 




7FW 
< tn 


Pt-jf i r 




t£7 




7CU 

t rn 


8258 7E 




664 


DB 


7EH 






oo-j 


Lt 


7CLI 

t rn 


OtOTI ( t 




ooo 

c£7 
DOf 


Mb 


r-tn 


flO^D dfl 




boo 




4wi 






0t>7 




jrn 






Of 9 


PiD 
I'D 


cril 

jrn 


tfdDt or 




0* 1 


r>D 
W 


67H 






b<c 


PiD 


crii 

jrn 


8268 3F 




673 


DB 


3FH 


8261 48 




674 
675 


DB 


48H 


8262 28 




676 


DB 


20H 


8263 5F 




677 


D8 


5FH 


0264 6F 




678 


DB 


6TH 


8265 77 




679 


DB 


77H 


8266 7B 




68e 


DB 


7BH 


8267 7D 




681 


DB 


7DH 


8268 82 




682 


DB 


02H 



,H 



,J 



;N 
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ISIS-II NCS-48API-41 MflCPO ASSEMBLER. V2 8 PAGE 
LRC 7048 SERIES PRINTER CONTROLLER SOURCE COPE 



lb 



ISIS-II MCS-48/UPI-41 MACRO ASSEMBLER, V2. 8 PAGE 1? 

LRC 7848 SERIES PRINTER CONTROLLER SOURCE CODE 



LOC 06.1 SEQ SOURCE STATEMENT 



8269 41 


684 


DB 


41H 


826A 3E 


685 


08 


3EH 


826B 7F 


686 


PB 


7FH 


826C 3E 


687 


DB 


3EH 


8260 7F 


688 


PB 


7FH 


826E 3E 


689 


PB 


3EH 


826F 41 


698 


PB 


41H 




691 






8278 88 


692 


PB 


08H 


8271 7F 


693 


DB 


7FH 


8272 37 


694 


DB 


37H 


8273 7F 


695 


PB 


7FH 


8274 37 


6% 


DB 


37H 


8275 7F 


697 


PB 


7FH 


8276 4F 


698 


PB 


4FH 




699 






8277 41 


788 


DB 


41H 


8278 3E 


781 


DB 


3EH 


ft?79 7F 

Ofcf JIT 




DB 


7FH 


027A 3F 


783 


DB 


3FH 


827B 7A 


784 


DB 


7AH 


827C 3D 


785 


PB 


3pH 


827D 42 


786 

787 


PB 


42H 


827E 88 


70° 


DB 


80H 


827F 7F 


789 


D6 


7FH 


8288 37 


710 


PB 


37H 


8281 7F 


711 


PB 


7FH 


8282 33 


712 


PB 


33H 


0283 7D 


713 


PB 


7DH 


0284 4E 


714 


PB 


4EH 




715 






0285 4D 


716 


PR 

I'D 


4DH 


0286 36 


717 


PR 


36H 


8287 7F 


718 


PR 

I/O 


7FN 


DdOC JO 


71 <3 


PR 






730 


PR 
l/o 


7FH 


828A 36 


721 


DB 


36H 


8288 59 


722 


DB 


59H 




771 








70S 


HR 


->rn 


Boon ~^ 


f 


r>R 

I'D 


i pn 




70C 

f to 


nR 




82SF 48 


797 


DB 


48H 


0298 3F 


i to 


PB 


~<FH 


0291 7F 


729 


PB 


7FH 


8292 3F 


738 


PB 


3FH 




731 






8293 81 


732 


DB 


01H 


0294 7E 


733 


PB 


TEH 


8295 7F 


734 


DB 


7FH 


8296 7E 


735 


DB 


7EH 


8297 7F 


736 


DB 


7FH 


8298 7E 


737 


PB 


TEH 


8299 81 


738 


DB 


81H 



LOC OBJ SEC SOURCE STATEMENT 





739 






829fl 87 


748 


L'D 


87H 


829G 7B 


741 


DB 


7BH 


829C 70 




DB 




8290 7E 


743 


DB 


7EH 


floor 7r. 


744 




7r,Lj 
1 i/n 


829F 7B 


745 


DB 


7BH 


82fl8 87 


746 


DB 


87H 




747 








f to 


IT' 


Qi u 

oin 


fcnc i 11 


749 


I'D 


7TU 

1 cn 




r Jri 




7DH 




7S1 

( Jl 


PtP 
I'D 


77U 


82fl5 7D 


r«K 


Tip 

I'D 


7DH 


ucrtO 1 t 


> 


rip 


7CU 
r CM 


•JiTfl ol 


t 


rip. 


11 1 w 
Win 




7crc 






Oc.no 


1 ~*> 




j-tn 


o^n:' -.v 


1 Jf 


L*0 


A'M 


£i">AP £R 


1 SO 




OdtI 


OcnC' 1 ■ 


7CQ 

t 39 




?7U 
1 ffi 


"tLfH.- Ot> 


1 OW 


L'tJ 


CPU 


O^nV -A' 


?£1 
f Ol 










VB 












82RF JF 


7^4 




nFH 


82B8 5F 




DB 


5FH 


82B1 6"F 


76b 


DB 


^FH 


82B2 78 


7^7 






^29? AF 


^ 00 


hp 

L-T' 


Orn 




f r . " 


HP 


jrn 




f r!J 


I'D 






771 








fid 






QOp-f 7f\ 




I'D 


dm 


OiiPO jH 




I'D 


7QLI 


■>~'DO "^7 


775 


DC 


77H 


82Bn 2E 


776 


DB 


2EH 


82BB 5F 


777 


DB 


5FH 


WtDt it 


-no 
■ (0 


Ub 


.itn 




— 7Q 
1 1? 








1 ou 


L'b 




G7PP 7C 


1 ol 


I'D 


1 rn 


M2BF "<E 


f Oc 




?PU 


82C8 7F 


783 


DB 


7FH 


82C1 3E 


784 


DB 


3EH 


82C2 7F 


785 


DE 


7FH 


82C3 7F 


736 


DB 


7FH 


82C4 3F 


787 
788 


DB 


3FH 


82C5 5F 


789 


DEi 


5FH 


82C6 6F 


798 


DB 


6FH 


92C7 77 


791 


DB 


77H 


82C8 7B 


792 


DB 


7BH 


82C9 7D 


793 


[* 


7DH 
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PAGE 13 



LOC OBJ 


SEQ 


SOURCE STATEMENT 


LLC OBJ 


SEQ 


SOURCE STATEMENT 


82CH 7E 


794 


OB 


7EH 


8311 7F 


849 


I/O 


■ rn 




795 






0312 0F 


858 


ftp 
vv 


rtCU 


82CB 7F 


796 


OB 


7FH i ] 


8313 7F 


851 


I'D 


7PH 

( m 


82CC 7F 


797 


OB 


7FII 


8314 7F 


352 


uo 


7PH 
f rn 


82CD 3E 


798 


03 


3EH 




853 






82CE 7F 


799 


OB 


7FH 


8315 SB 


854 


no 


bbn 


82CF 3E 




OB 


3EH 


8316 7F 


855 


UD 


7PU 

t rn 


82DB 7F 


801 


OB 


7FH 


8317 88 


856 


PiD 

DB 


aau 


8201 88 


882 


OB 


88H 


8318 7F 


857 


Tip 
I/O 


7PU 
/rn 




803 






8319 08 


858 


I'D 


Won 


8202 77 


884 


08 


77H 


931A 7F 


859 


Do 


?ru 
rrn 


8203 6F 


885 


OB 


6FH 


8318 6B 


360 


Do 


ecu 
bbn 


8204 5F 


886 


OB 


SFH 




861 






8205 28 


887 


OB 


20H 


831C 4D 


862 


DB 


40H 


8206 5F 


388 


OB 


5FH 


931D 36 


863 


DB 


36H 


8207 6F 


889 


OB 


6FH 


831E 7F 


864 


DB 


7FH 


8208 77 


818 


OB 


77H 


831F 88 


865 


DB 


00H 




811 






8320 7F 


866 


OB 


7FH 


8209 7E 


812 


OB 


7EH ; . 


8321 36 


867 


Ob 


36H 


82DA 7F 


813 


OB 


7FH 


8322 59 


868 


OB 


59H 


82D6 7E 


814 


OB 


TEH 




869 






82DC 7F 


815 


OB 


7FH 


8323 8E 


878 


DB 


0EH 


0200 ?C 


316 


oe 


m 


0324 7D 


871 


OB 


70H 


02DE 7F 


817 




7FH 


8325 0B 


872 


DB 


0BH 


02DF 7E 


813 


OB 


7EH 


8326 77 


873 


DB 


77H 




819 






8327 68 


874 


DB 


63H 




828 






8328 5F 


875 


DB 


5FH 




321 






0329 38 


876 


OB 


38H 




822 i +»*•***( H ******* t »•»:< ( * «t t* » ********** 




877 








323 i 


CHAR:. TABLE ON PAGE 3 


832ft 49 


878 


DB 


49H 




824 i 


MSB IS IGNORED, DATA INVERTED 


832B 36 


879 


OB 


36H 




825 ; 


SEE EXAMPLE Cfl) IN PAGE 2 OF ROM 


832C 7F 


888 


OB 


7FH 




826 ii 


j);:|:+*?!>+-+++:f;f 


>♦♦«<*»<♦**♦♦*♦♦«♦♦»**»«* 


832D 37 


881 


DC 


37H 




827 






832E 5A 


882 


OB 


5flH 


8388 


828 


OPG 


388H 


832F 70 


883 


OB 


70H 




829 






8330 72 


884 


DB 


72H 


0300 7F 


838 


DB 


7FH ; BLANK 




885 






0381 7F 


831 


OE: 


7FH 


8331 7F 


886 


DB 


7FII 


8302 7F 


832 


OB 


7FH 


8332 7F 


887 


OB 


7FH 


8303 7F 


833 


DB 


,'FH 


8333 7F 


838 


DB 


7FH 


0384 7F 


834 


OB 


7FH 


8334 0F 


889 


OB 


8FH 


0385 7F 


335 


OS 


7FH 


0335 7F 


398 


DB 


7FH 


8306 7F 


836 


DB 


/FH 


0336 7F 


891 


DB 


7FH 




837 






0337 7F 


892 


DB 


7FH 


8387 7F 


838 


OB 


7FH i ! 




893 






8308 7F 


839 


OB 


7FH 


0338 7F 


394 


PiD 

Od 


7FH 


0309 ?r 


840 


DB 


7FH 


8339 63 


895 


DB 


63H 


030fl 02 


841 


03 


82H 


833R 50 


896 


DB 


5DH 


030B 7F 


842 


DB 


• 7FI! 


833B 3E 


897 


OB 


3EH 


030C 7F 


343 


DB 


7FH 


833C 7F 


898 


OB 


7FH 


8380 7F 


844 


DB 


/FH 


8330 7F 


899 


OB 


7FH 




845 






033E 7F 


988 


OB 


7FH 


838E 7F 


846 


DB 


7FH 




901 






838F 7F 


847 


DB 


7FH 


933F 7F 


902 


OB 


7FH 


8318 8F 


848 


DB 


0FH 


0340 7F 


903 


OB 


7FH 
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LOC OBJ SEQ SOURCE STATEMENT 



9341 7F 


904 


OE 


TFH 


8342 3E 


905 


BB 


3EH 


8343 5D 


986 


OB 


50(1 


8344 63 


987 


OB 


63H 


8345 TF 


983 


OB 


7FH 




909 






8346 77 


918 


OB 


?7M 


8347 50 


911 


OB 


50H 


8348 


912 


OB 


6EH 


8349 14 


913 


OB 


14H 


834R 66 


914 


OB 


6BH 


834B 50 


915 


OB 


SDH 


834C 77 


916 


OB 


7711 




917 






8340 77 


918 


OB 


77H 


834E TF 


919 


OB 


7FH 


834F 77 


928 


06 


77H 


8358 49 


921 


06 


49H 


8351 77 


922 


06 


m 


8352 7F 


923 


06 


TFH 


8353 77 


924 


06 


77H 




925 






8354 7F 


926 


06 


7FII 


8355 7F 


927 


OB 


7TH 


8356 7F 


928 


06 


7FH 


8357 7E 


929 


06 


TEH 


8358 79 


938 


06 


79H 


8359 7F 


931 


OB 


7FH 


835ft 7F 


932 


OB 


7FH 




933 






035B 78 


934 


06 


76H 


835C 7F 


935 


OB 


7FH 


8350 70 


936 


OB 


78H 


835E 7T 


937 


06 


7FH 


835F 78 


938 


OG 


7BII 


8360 7T 


939 


06 


, : 'FH 


0361 7B 


940 


OB 


7BH 




941 






9362 7F 


942 


OE 


7FH 


0363 7F 


943 


06 


7FH 


8364 7F 


944 


06 


m 


0365 TE 


945 


06 


m 


0366 7F 


946 


06 


m 


0367 7F 


947 


06 


7FH 


8368 7F 


948 


06 


7FH 




949 






0369 7E 


950 


06 


TEH 


036ft 70 


951 


OB 


7DH 


036B 7B 


952 


OB 


7BH 


036C 77 


953 


OB 


TTH 


8360 6F 


954 


OB 


6FK 


836E 5F 


955 


OB 


5FH 


836F 3F 


956 


06 


3FH 




957 






8370 41 


953 


OB 


41H 



LOC OBJ SEQ SOURCE STATEMENT 



0371 7F 


959 


OB 


TFH 


0372 3fl 


968 


OB 


3flH 


83T3 77 


961 


06 


77H 


0374 2E 


962 


06 


2EH 


0375 7F 


963 


DB 


7FH 


8376 41 


964 


OB 


41H 




965 






8377 7F 


966 


OB 


7FH 


8378 5E 


96T 


06 


5EH 


8379 7F 


968 


06 


TFH 


837fl 80 


969 


OB 




037B 7F 


970 


OB 


7FH 


837C 7E 


971 


OB 


TEH 


0370 7F 


972 


DB 


TFH 




973 






837E 5C 


974 


OB 


5CH 


837F 3E 


975 


OB 


38H 


8388 7E 


976 


OE 


TEH 


8381 37 


977 


OB 


3TH 


8382 TE 


978 


OB 


TEH 


8383 3T 


979 


06 


37H 


8384 4E 


980 


DB 


4EH 




981 






8385 3D 


982 


DB 


3DH 


8386 Th 


983 


OB 


TEH 


038T 7F 


984 


OB 


2FH 


8388 ,t 


985 


06 


TEH 


8389 2F 


986 


OB 


2FH 


838ft 56. 


987 


OE 


56H 


838B 39 


983 


06 


39H 




989 






838C TB 


990 


06 


7BH 


8380 77 


991 


DB 


77H 


833E 6B 


992 


OB 


6BH 


838F 5F 


993 


DB 


5FH 


0396 28 


994 


OB 


28H 


0391 TF 


995 


DB 


7FH 


0392 TB 


996 


DC 


TBH 




997 






0393 00 


998 


06 


0DH 


8394 TE 


999 


06 


7EH 


8395 2F 


1000 


OB 


2FH 


8396 TE 


1001 


06 


TEH 


039T 3F 


1002 


OB 


3FH 


0398 6E 


1883 


OB 


6EH 


8399 31 


1884 


OB 


31H 




1885 






839ft T9 


1806 


OB 


T9H 


039B 76 


1807 


08 


T6H 


839C 6F 


1008 


06 


6FH 


0390 56 


1889 


06 


56H 


039E 3F 


1918 


DB 


3FH 


039F T6 


1011 


DB 


T6H 


83«0 T9 


1812 


DB 


T9H 




1813 
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LRC 7848 SERIES PRINTER CONTROLLER SOURCE CODE 



ISIS- 1 1 NCS-48API-41 MftCRO ASSEMBLER, V2. 9 PAGE 23 

LRC 7840 SERIES PRINTER CONTROLLER SOURCE CODE 



LOC OBJ SE8 SOURCE STATEMENT 



03A1 2F 


1814 


OB 


3FH 


03A2 7F 


ieib 


06 


7FH 


03A3 28 


1916 


OB 


38H 


83A4 77 


1017 


OB 


77H 


03A5 2F 


1018 


OB 


2FH 


83A6 5F 


1019 


OB 


5FH 


83A7 3F 


1028 


OB 


3FH 




1021 






83A8 49 


1022 


OB 


49H 


03A9 36 


1023 


OB 


36H 


83AA 7F 


1824 


06 


7FH 


03AB 36 


1825 


OB 


36H 


83AC 7F 


1826 


OB 


7FH 


83AD 36 


1927 


OB 


36H 


83AE 4S 


1828 


OB 


49H 




1829 






83AF 4F 


1030 


OB 


4FH 


83B8 37 


1031 


OB 


27H 


83B1 7F 


1032 


OB 


,-FH 


83B2 36 


1033 


OB 


3CH 


83B3 7D 


1834 


06 


70H 


83B4 3B 


1035 


06 


38H 


8365 47 


19"<6 
- 


06 


47H 




1037 






83B6 7F 


1038 


OB 


7FH 


83B7 7F 


1039 


OB 


7FH 


83B8 7r 


1048 


OB 


7FU 


8389 6B 


1041 


DE 


68H 


93BA 7F 


1942 


OB 


7FH 


83BB 7F 


1043 


OB 


7FII 


93BC 7F 


1944 


OB 


7FH 




1845 






9360 7F 


1846 


OB 


7FH 


93BE 7F 


1847 


OB 


7FH 


93BF 7E 


1848 


OB 


7tH 


93C8 69 


1849 


OB 


69H 


83C1 7F 


1858 


06 


7FH 


83C2 7F 


1851 


06 


7FH 


83C3 7F 


1852 


06 


7FH 




1053 






83C4 7F 


1054 


OB 


7FH 


83C5 77 


1855 


OB 


77H 


83C6 6B 


1856 


OB 


6DH 


92C7 50 


185? 


OB 


5DH 


93C8 3E 


1858 


06 


3tH 


93C9 7F 


1859 


OB 


7FK 


83CA TV 


I860 


OB 


7FH 




1861 






93CB 6B 


1862 


OB 


6BH 


83CC 7F 


1863 


OB 


7FH 


83C0 6B 


1864 


06 


6BH 


83CE 7F 


1865 


OB 


7FH 


83CF 6B 


1866 


OB 


6BH 


8306 7F 


1867 


OB 


7FH 


8301 6B 


1868 


06 


6BH 



.•? 



LOC 08J SEQ SOURCE STATEMENT 





1069 






8302 7F 


1070 


06 


7FH 


83D3 7F 


1871 


06 


7FH 


8304 3E 


1672 


06 


3EH 


8305 50 


1873 


06 


50H 


8306 66 


1874 


06 


6BH 


8307 77 


1875 


06 


77H 


8308 7F 


1076 


OB 


7FH 




1077 






8309 7F 


1878 


06 


7FH 


830A 5F 


1879 


06 


5FH 


8306 3F 


1888 


OB 


3FH 


830C 7A 


1881 


06 


7AH 


8300 37 


1882 


06 


37H 


830E 4F 


1883 


06 


4FI! 


830F 7F 


1884 


06 


7FH 




1885 








1886 


END 
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USER SYMBOLS 



fid 

PPT 


fift.S£ 


nun in 


TOl£ 


B32 


81RS 




Hi Pd 


ri coo 
i.LtnK 






mwt 


CHD 


8156 


pru o 


WOT 


f'TC 




Ml 1 n 




deco 


081b 


TiCPD 
LtLK 


CM C~> 






Up IT 


QIC a 


HOME 


306A 




£)m77 


i i 
LI 




i ADC 


CM 7ft 


LF 


818A 


! nor. 


aarc 
<*JCt 


Ml r 
nLr 


fi1 EH 


NHUnt 




NOOECR aiir 






P12B 


819C 


P12C 


8138 


P3C 


80E? 


P3F 


88F6 


PAGE 


ma 


page:; 


82F5 


PflRR 


QQOQ 
BOTH? 


PEON 


92ED 


RJ2 


8864 


RJF 


884D 


R01 


81BB 


R02 


01B8 


SGLE 


887F 


SING 


8882 


SLF 


8183 


SOI 


81B5 


STAB 


8177 


n 


9172 


T2 


8172 


T3 


8172 


WAIT 


82F8 


X8 


81F6 


XCR 


83F5 


XFER 


082C 



ASSEMBLY COMPLETE.. NO ERRORS 



n a 
l-lo 


ilQCiG 


trttw 


QQ77 


CHECKS 014E 


LK 


wror 


UJN 


LlLtGi 


fTMJT 

LUNf 




CONX 


82FA 


CR 


01DE 


Win IN 




nut 


oltn 


FIRE 


887B 


FOUND 


0160 










110 


00E9 


IT1 


90EH 


LUUrl 




L00P2 


83E7 


LSTCOL 8052 


LZ 


08B6 




rJlbr 


ON 


0324 


ONE 


00A7 


P12A 


8193 


P6fl 


8128 


P6AA 


0145 


P6BB 


0136 


P7C 


8158 


PF 


80DF 


PRINT 


001E 


RESET 


81BE 


RJ 


81F9 


RTAB 


8146 


SOMA 


01C9 


SEND 


0155 


SERROR 887A 


S02 


81B2 


SPCR 


83ED 


SPRL 


8144 


SSOL 


01A8 


TAB 


8132 


TERROR 914D 


TOF 


0184 


U14 


886E 


XS2 


82E0 


YME 


0126 
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INTRODUCTION 



This Application Note discusses how the new Intel family 
of 5 volt EPROMs and ROMs can be used with micro- 
processor systems. The pinout evolution and philosophy 
are explored in detail, which leads directly to system archi- 
tecture. Particular emphasis will be placed on the pitfalls 
of bus contention and the microprocessor/memory inter- 
face. Finally, an actual printed circuit board layout is 
presented. 

PINOUT EVOLUTION 

As EPROM/ROM technology has evolved, there are 
often periods of confusion over EPROM and ROM pin- 
outs, as ROM density usually leads EPROM density by a 
factor of two, but ultimately users want any given EPROM 
to have a ROM compatible part. As we have seen, after the 
2716 16K EPROM was introduced, a new ROM pinout 
emerged and "triumphed" over an earlier "standard." 
The reason this ROM pinout change occurred is that as 
codes stabilize in user's systems and equipment, many 
users opt for the less expensive ROMs, which are mask 
programmable devices. At the same time, users often use 
the highest available density ROM so they combine 
modular firmware and minimize device count. Of course, 
many users never do go to the ROM stage with their equip- 
ment, preferring to minimize inventory levels and utilize 
standard designs that can be customized for final equip- 
ment configurations, but they always want the capability 
to do so if desired. 

In addition, over the past few years, the development of 
microprocessors has been intimately entwined with both 
ROMs and EPROMS. 

The 1702A and its ROM counterpart, the 1302, were com- 
pletely adequate to support the requirements of the 4004 
series of microprocessors. In order to support the 5 volt, 
3MHz 8085A and 5MHz 8086, it is desirable to use a com- 
patible device such as the Intel 5 volt 2716, whose 450ns ac- 
cess time is compatible with the microprocessor re- 
quirements. Some high performance versions of these pro- 
cessors may require selected versions of the 2716 (such as 
the 2716-1 with t AC c = 350ns, or the 2716-2 with 
1 acc = 390ns) depending on the actual system configura- 
tion. 

Summarizing these events since the introduction of the In- 
tel 1702A, which was the first EPROM, we can postulate 
the following hypothesis: at any point in time, the present 
EPROM determines the pinout for the next generation 
ROM. And, if the subsequent larger density EPROM is 
not ROM compatible, the ROM will change. Also, it can 
be seen that ROMs and EPROMs must evolve along with 
microprocessor developments — so memory performance 
does not limit system performance. 

The devices which are discussed in this Application Note 
represent an extension of the 5 volt compatible family to 
32K bit and 64K bit densities, while improving perfor- 
mance as discussed above. It also follows that the pinout 



for the 32K devices must be derived from the 2716 in order 
to maintain socket compatibility. This 16K to 32K pinout 
evolution is shown in Figure 1 . 





Figure 1. 16K EPROM Determines 
32K ROM Pinout 



SYSTEM ARCHITECTURE 

As higher performance microprocessors have become 
available, the architecture of microprocessor systems has 
been evolving, again placing demands on memory. For 
many years, system designers have been plagued with the 
problem of bus contention when connecting multiple 
memories to a common data bus. There have been various 
schemes for avoiding the problem, but device manufac- 
turers have been unable to design internal circuits that 
would guarantee that one memory device would be "off" 
the bus before another device was selected. With small 
memories (512x8 and 1Kx8), it has been traditional to con- 
nect all the system address lines together and utilize the dif- 
ference between t A cc and tco to perform a decode to 
select the correct device (as shown in Figure 2). 



Figure 2. Single Control Line Architecture 
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„.w -nwr iuir nm-iupiocessors, out tne 8080 

processor required that the corresponding numbers be 
reduced to t^cc = 450ns and tco = 120ns. This allowed a 
substantial improvement in performance over the 4004 
series of microprocessors, but placed a substantial burden 
on the memory. The 2708 was developed to be compatible 
with the 8080 both in access time and power supply re- 
quirements. A portion of each 8080 machine cycle time 
had to be devoted to the architecture of the system 
decoding scheme used. This devoted portion of the 
machine cycle included the time required for the system 
controller (8224) to perform its function before the actual 
decode process could begin. 

Let's pause here and examine the actual decode scheme 
that was used so we can understand how the control func- 
tions that a memory device requires are related to system 
architecture. 

The 2708 can be used to illustrate the problem of having a 
single control line. The 2708 has only one read control 
function, chip select (CS), which is very fast (tco = 120ns) 
with respect to the overall access time (tACC = 450ns) of 
the 2708. It is this time difference (330ns) that is used to 
perform the decode function, as illustrated in Figure 3. 
The scheme works well and does not limit system perfor- 
mance, but it does lead to the possibility of bus contention. 

BUS CONTENTION 

There are actually two problems with the scheme described 
in the previous section. First, if one device in a multiple 
memory system has a relatively long deselect time, and a 
relatively fast decoder is used, it would be possible to have 
another device selected at the same time. If the two devices 
thus selected were reading opposite data; that is, device 
number one reading a HIGH and device number two 
reading a LOW, the output transistors of the two memory 
devices would effectively produce a short circuit, as Figure 
4 illustrates. In this case, the current path is from Vcc on 
device number one to GND on device number two. This 
current is limited only by the "on" impedance of the MOS 
output transistors and can reach levels in excess of 200mA 
per device. If the MOS transistors have a lot of "extra" 
margin, the current is usually not destructive; however, an 
instantaneous load of 400mA can produce "glitches" on 
the Vcc supply — glitches large enough to cause standard 
TTL devices to drop bits or otherwise malfunction, thus 
causing incorrect address decode or generation. 

The second problem with a single control line scheme is 
more subtle. As previously mentioned, there is only one 
control function available on the 2708 and any decoding 
scheme must use it out of necessity. In addition, any in- 
advertent changes in the state of the high order address 
lines that are inputs to the decoder will cause a change in 



'CO 



Figure 3. Single Line Control Architecture 
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Figure 4. Results of Improper Timing when OR Tying 
Multiple Memories 



the device that is selected. The result is the same as before 
— bus contention, only from a different source. The 
deselected device cannot get "off" the bus before the 
selected one is "on" the bus as the addresses rapidly 
change state. One approach to solving this problem would 
be to design (and specify as a maximum) devices with top 
time less than tco t' m e. thereby assuring that if one device 
is selected while another is simultaneously being 
deselected, there would be some small (20ns) margin. Even 
with this solution, the user would not be protected from 
devices which have very fast t C o times (t C o is specified as a 
maximum). 

The only sure solution appears to be the use of an external 
bus driver/transceiver that has an independent enable 
function. Then that function, not the "device selecting 
function," or addresses, could control the flow of data 
"on" and "off" the bus, and any contention problems 
would be confined to a particular card or area of a large 
card. In fact, many systems are implemented that way — 
the use of bus drivers is not at all uncommon in large 
systems where the drive requirements of long, highly 
capacitive interconnecting lines must be taken into con- 
sideration — it also may be the reason why more system 
designers were not aware of the bus contention problem 
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until they took a previously large (multicard) system and, 
using an advanced microprocessor and higher density 
memory devices, combined them all on one card, thereby 
eliminating the requirement for the bus drivers, but ex- 
periencing the problem of bus contention as described 
above. 



ADDRESS 
SELECTION 



DC 



OUTPUT 



DC 



j- 



THE MICROPROCESSOR/MEMORY 
INTERFACE 



Figure 5. Two Control Line Architecture 



From the foregoing discussion, it becomes clear that some 
new concepts, both with regard to architecture and perfor- 
mance are required. A new generation of two control line 
EPROM devices is called for with general requirements as 
listed below: 

1. Complete ROM pin and function compatibility. 

2. A power control function that allows the device to 
enter a low-power standby mode when deselected. This 
function can be used as the primary device selecting func- 
tion, independent of the output control. 

3. Capability to control the data "on" and "off" the 
system bus, independent of the device selecting function 
identified above. 

4. Access time compatible with the high performance 
microprocessors that are currently available. 

Now let's examine the system architecture that is required 
to implement the two line control and prevent bus conten- 
tion. This is shown in the form of a timing diagram (Figure 
5). As before, addresses are used to generate the unique 
device selecting function, but a separate and independent 
Output Enable (OE) control is now used to gate data "on" 
and "off" the system data bus. With this scheme, bus con- 
tention is completely eliminated as the processor deter- 
mines the time during which data must be present on the 
bus and then releases the bus by way of the Output Enable 
line, thus freeing the bus for use by other devices, either 
memories or peripheral devices. This type of architecture 
can be easily accomplished if the memory devices have two 
control functions, and the system is implemented accor- 
ding to the block diagram shown in Figure 6. It differs 
from the previous block diagram (shown in Figure 2) in 
that the control bus, which is connected to all memory 
Output Enable pins, provides separate and independent 
control over the data bus. In this way, the microprocessor 
is always in control of the system; while in the previous 
system, the microprocessor passed control to the particular 
memory device and then waited for data to become 
available. Another way to look at it is,with a single control 
line the system is always asynchronous with respect to 
microprocessor/memory communications. By using two 
control lines, the memory is synchronized to the processor. 



OE 3 CE 3 



Figure 6. Two Control Line Architecture 



TERMINOLOGY 

Some of the terminology applied to the functions of the 
Intel 5 volt compatible family may be confusing or un- 
familiar to many EPROM/ROM users, so the various 
terms are defined here. Actually, the nomenclature was 
developed by various standards groups and is reiterated 
here to avoid confusion as we begin a detailed discussion 
of the devices themselves. 

First of all, Chip Enable (CE) must be defined, as it is the 
primary device selection pin. By agreed standards, that 
function which substantially affects power dissipation is 
called CE. Any memory device that has a CE function has 
both an active and standby power level associated with it. 

Output Enable (OE) is the signal that controls the output. 
The fundamental purpose of OE is to provide a completely 
separate means of controlling the output buffer of the 
memory device, thereby eliminating bus contention. 

Chip Select (CS) is a signal that gets logically ANDed with 
addresses. In a completely static device, CS must remain 
stable throughout the entire device cycle, and its function 
is equivalent to Output Enable (OE). 
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THE NEW INTEL FAMILY 

Figure 7 shows the new Intel 5 volt compatible family of 
EPROMs and ROMs. In order to take advantage of the 
modular compatibility offered by the family, the func- 
tional compatibility of device pins 18, 19 and 21 must be 
understood. (Shaded area in Figure 7.) 

First, we must examine the compatibility of the two oldest 
EPROM members of the 5 volt family — the 8K (2758) and 
the 16K (2716). 

Pin 21 (Vpp) is normally connected to V cc for read only 
applications of both devices, and pin 19 is either at GND 
(V IL ) for the 8K 2758 or connected to A 10 for the 16K 
2716. Further details on either of these devices can be 
found in Section 9 of the 1977 Edition of the Intel Memory 
Design Handbook, or Section 4 of the 1978 Intel Data 
Catalog. 

The 32K (4Kx8) devices, which have identical pinouts for 
both the ROM and EPROM, will now be discussed. Pin 18 
is CE. Pin 19 is Ajo, while pin 20 is 0~E. As was pointed out 
before, Output Enable is the function which allows in- 
dependent control of the data "on" and "off" the output 
bus. As Figure 7 indicates, V PP (the programming voltage 
for the 2732 EPROM) is now multiplexed with OE on pin 
20. Pin 21 becomes An, which is the additional address bit 
that is required as the density increases from 16K to 32K. 

Pin 21 is the only pin that requires any special considera- 
tion when designing a system to accept the 8K, the 16K, or 
the 32K device. With the 8K and the 16K devices, pin 21 
must be connected to V cc , while with the 32K and higher 
density devices, it must be connected to An. This is easily 
accomplished by making sure the printed circuit trace links 
all pin 21's together as though they were an address line 
and allowing for a jumper that will connect pin 21 to either 
Vcc or Ai i at the edge of the array (this technique can be 
seen in the "Printed Circuit Board Design" section and in 
Figure 8). Connecting the pin 21 's together in this manner 
is acceptable as the read current requirement for Vpp is 
4mA maximum per device — low enough to be handled by 
a signal trace, but too high for an address driver to provide 
directly. 



The highest density member of the family is a 64K ROM 
which is also shown in Figure 7. In order to maintain total 
compatibility it is packaged in a standard 28-pin package. 

It may seem as though the 28 pin package is not compatible 
with the rest of the family, but referring again to Figure 7, 
note that the lower 24 pins are identical to the 24 pin 8K, 
16K and 32K devices. To allow for total compatibility 
within the family: printed circuit boards must be laid out 
to accommodate 28 pin sites; a jumper must be included to 
accommodate pin 21 as shown in Figure 8, and when using 
64K devices, CS2 (Pin 26) must be mask coded active high. 
This compatibility can also be seen graphically in Figures 9 
and 10. The upper portion of the figure shows how 24 pin 
devices are used in the 28 pin sites. The two control lines 
(CE and OE) remain unchanged as discussed earlier, and A12, 
the next address bit required for a 64K bit device, is 
connected to pin 2 of the 28 pin site. The lower portion of 
the figure illustrates the use of 28 pin devices. Address bit 
A12 is already connected to the right pin, and the chip 
selects (CS] and CS2) are connected to the V cc power 
distribution grid. This configuration would require that 
both CS] and CS2 be coded active high. 
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Figure 7. 5 Volt EPROM/ROM Compatible Family 
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CSi; CS2 should be coded active high in order to preserve 
total compatibility. 

To summarize, the selection of a 28 pin package for 64K 
devices has several benefits of importance to present and 
future system designs: 

1. Two line control philosophy (separate CE and OE 
functions) is preserved at the 64K bit level. 

2. 64K EPROM compatibility is allowed for by maintain- 
ing a pin for the V PP function. 

3. The next generation (128K bit ROM) must be in a 28 
pin package. 

If CS2 (pin 26) is mask coded to be active high and con- 
nected to Vcc. and the jumper provision for pin 21 is in- 
cluded on the card as described above, any member of the 
family can be plugged into the same socket — IK, 2K, 4K 
or 8K bytes — without any card modification or redesign. 
In addition, future devices of higher density will fit in the 
same pinout. 

PRINTED CIRCUIT BOARD DESIGN 

The Ice waveform for the 2332 and the 2364 is shown in 
Figure 10. The supply current, Ice. has three segments that 
are of concern to the system designer — the standby level, 
active level and the transient peaks that are produced on 
the rising and falling edges of Chip Enable. The transient 
currents must be suppressed by properly selected decoupl- 
ing capacitors. High quality, high frequency ceramic 
capacitors of small physical size with low inherent induc- 
tance should be used. In addition, bulk decoupling must be 
provided, usually near where the power supply is con- 
nected to the array. The purpose of the bulk decoupling is 
to overcome the voltage droop caused by the inductive ef- 
fects of the PC board traces. Electrolytic or tantalum 
capacitors are suitable for bulk decoupling. The following 
capacitance values and locations are recommended for the 
2332 and 2364: 

1. A 0.1/iF ceramic capacitor between V cc and GND at 
every other device. 

2. A 4.7f<F electrolytic capacitor between V cc and GND 
for each eight devices. 

A printed circuit board layout for a total array of 16 
devices is shown in Figure 11. This printed circuit layout 
incorporates a power supply distribution system such that 
the power supply and ground traces on the PC board are 



ing capacitors. Provisions are included for all address in- 
puts, output enable inputs, data outputs and decoded chip 
enable inputs. The 0.1/iF capacitors referred to above are 
included for every other device (indicated by the legend 
C2) while the bulk decoupling capacitor is shown at the up- 
per left-hand corner (indicated by the legend CI). The 
layout consists of four rows of four 28-pin device sites each 
and embodies all of the concepts explained above. Note 
that pins 28, 27 and 26 are all connected to Vcc- This re- 
quires that when ordering mask programmed 2364 64K 
ROMs, the order must specify that CS| and CS2 be coded 
active HIGH. The single jumper provision discussed in the 
previous section is also included at the upper lefthand cor- 
ner of the array (indicated by A, B, and C). Pad B is con- 
nected to pin 21 of all devices in the array; pad A should be 
connected to the A] 1 address driver and pad C is connected 
to V C c- For use with 32K bit or larger devices, a jumper 
must be installed between pads A and B; for use with the 
2716 (16K) or the 2758 (8K), the jumper must be installed 
between pads B and C. 

A full size (2x) artwork film is included on the last page of 
this Application Note. The entire array, or segments of it 
can be photographed and used directly as part of a system 
board. 
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Figure 11. Printed Circuit Board Layout ot 16 Devices 
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INTRODUCTION 

The following brief note is intended to answer the 
simpler questions on crystal specifications and their 
operation with the various Intel components. First, a 
theoretical explanation of the crystal is given to aid the 
user in understanding crystal operation. This includes a 
discussion of the parameters necessary for proper 
specification to the vendor. Following this section are 
explanations of the various crystal-capacitor configura- 
tions seen in the Intel User's Manuals and data sheets; 
why they are suggested for proper crystal operation and 
what might happen if they weren't there. 

The final section of this note provides a list of sug- 
gested crystal specifications, suppliers, and part 
numbers for the highest frequency crystals possible for 
the various Intel components that require them. In no 
way does this list represent the only crystals or sup- 
pliers available. This section is conveniently preceded 
by a discussion of problem areas that may result if a 
user is using the wrong crystal required for the compo- 
nent. 

CRYSTAL OPERATION — BRIEF THEORETICAL 
EXPLANATION 

Understanding Crystal Operation 

Crystals are piezoelectric devices which transform 
voltage energy to mechanical vibrations and voltage 
oscillations. The frequency of the crystal is largely 
dependent on its thickness, with thinner crystals pro- 
ducing a higher frequency. 

Crystals are generally specified as being series or 
parallel resonant, but all crystals are in actuality both. 
Vendors supply crystals as series or parallel resonant 
based on the desired frequency and the crystal's rela- 
tive ability to generate the frequency in that mode. On a 
conceptual basis, when using a crystal as series reso- 
nant, its output is in phase with its input, whereas using 
the crystal as parallel resonant will result in a phase 
shift from its input to output. 

Different LSI components prefer different crystals due 
to the nature of their internal oscillator design. In 
general, Intel bipolar components have a non-inverting, 
bidirectional drive oscillator, whereas NMOS com- 
ponents use an inverting oscillator. Non-inverting oscil- 
lators prefer series resonant crystals (as the series reso- 
nant crystal has degree net phase shift), while invert- 
ing oscillators prefer crystals which are parallel reso- 
nant. Since a crystal has both a series and parallel 
operating frequency, many times any crystal will seem 
to work when connected to a component. 

When giving the specifications to a crystal vendor for a 
crystal, it is helpful to understand its equivalent circuit 
as shown in Figure 1. The impedance of this circuit 
(neglecting R to simplify matters for conceptual pur- 
poses) can be calculated and plotted against frequency 
(Figure 2). This frequency-impedance plot illustrates the 
two different operating modes of crystal. co s (series 
resonance) occurs when the impedance (reactance) is 
zero and <u p (parallel resonance) occurs when the im- 
pedance goes to infinity and appears inductive. 
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When operating at series resonance (cu s ) the equivalent 
circuit of the crystal becomes a simple resistor Fts 
(Figure 3; remember, R was neglected in the impedance 
calculation). This Rs value must be specified to the 
crystal vendor when buying a crystal. 

This parameter becomes a problem with lower fre- 
quency or overtone crystals (thicker, more resistance) 
and a buffer that doesn't have sufficient gain to drive 
those crystals (i.e., loop gain becomes less than 1). 
Overtone crystals also have Rs problems as their Rs is 
associated with the fundamental frequency of the 
crystal, not the 3rd harmonic or overtone. The 8224 is 
particularly sensitive to Rs with 27 MHz overtone ap- 
plications. 



Rs 



Figure 3 
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Conversely, if operating at cup (parallel resonance), the 
crystal appears inductive in the circuit (Figure 4). Since 
the crystal appears inductive, any changes in reactance 
that the crystal sees will have the effect of pulling the 
frequency of the crystal. As a result of this, the amount 
of load capacitance seen by the crystal in the circuit 
configuration becomes important. This load capaci- 
tance, CL, is the dynamic capacity of the total circuit 
measured across the terminals of the crystal. The 
amount of this capacitance should always be specified 
to the crystal vendor if the crystal will be operating at 
parallel resonance. 



1 
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CIRCUIT CONFIGURATIONS FROM VARIOUS 
MANUALS/EXPLANATIONS 

Series 10 pF Capacitor Included (Figure 5) 

This additional capacitor is recommended at times to 
debias the crystal. Due to the component's internal cir- 
cuit, a small DC bias may exist across the crystal which 
would strain the crystalline structure. It is also provided 
for trimming the frequency of the crystal to compensate 
for the loading effects of the component. 



CRYSTAL 
INPUTS 



Figure 5 



Tank Circuit 

On some Intel components, provision is made for a tank 
circuit. This is for the use of an overtone crystal; i.e., one 
that is working at a harmonic (generally its 3rd). The tank 
circuitry is a filter to bypass the lower and higher, un- 
wanted frequencies to ground while appearing "open" 
to the desired frequency. It is necessary to use tank cir- 
cuits and overtone crystals when in the 25 + MHz range 
and above. Fundamental crystals are difficult to make in 
this frequency range as the crystal must be thinner for 
higher frequencies. 

A circuit that has been used for the 8224 in 27 MHz over- 
tone crystal applications is shown in Figure 8. 

This filter can be approximated through formulas where 
afterwards it will be necessary to tweak the component 
values for optimization. The formula used to get the 
original component values is: 



f 



2ttVTA~ 



where f = overtone frequency 



Parallel 20 pF Capacitors to Ground (Figure 6) 

Crystals can oscillate at several different frequencies, 
each emanating from a different direction of vibration in 
the crystal. For a crystal to oscillate during startup in its 
fundamental frequency, it is best for the crystal to see 
the slew rate (Figure 7) of the pulse provided from the 
oscillator to be as close to the operating frequency as 
possible. 

These 20 pF capacitors act as a high frequency filter to 
create a slew rate closer to the fundamental frequency 
of the crystal. As can be guessed, lower frequency 
crystals are more susceptible to the problem of not 
starting up in the fundamental frequency. 

Capacitors are placed on both sides of the crystal as 
some components have bidirectional drive buffers (i.e., 
1/2 of cycle drive from one side, other half from opposite 
side). A crystal that needs these extra 20 pFs to ground 
will be characterized by starting up at a 3rd or 5th har- 
monic instead of the fundamental frequency. The CL 
specifications in the specification section takes into 
consideration these extra 20 pF capacitors required for 
some Intel components for proper operation. 
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Precise Timing Applications 

For applications where precise timing is required, using 
an external drive could produce better results. The ac- 
curacy of the component clock over temperature will be 
as accurate as the external drive. It is difficult to guar- 
antee the temperature stability of the output frequency 
of the Intel component as fabrication process param- 
eters vary, causing large ranges of input impedance and 
hence a large range of loading for the crystal. 

WHAT IF I USE A CRYSTAL OTHER THAN 
SPECIFIED? 

Series vs. Parallel 

As discussed in the theoretical section, all crystals have 
a series and parallel operating mode. Placing a series 
crystal on a device requiring a parallel (i.e., there is an in- 
verting oscillator between the two inputs) will force the 
crystal to oscillate in its parallel mode (and vice versa). A 
system with the wrong crystal will exhibit its clock fre- 
quency shifted a small percentage (about 320 to 350 
parts per million) from the specified crystal frequency. 
When using the wrong crystal, any attempts to trim the 
frequency to its specified value by using small parallel 
(series if series crystal) variable capacitors will cause 
the crystal to stop oscillating, as predicted by theory. If 
the correct crystal is being used, trimming can be done. 

In applications where accuracy is not important, series 
crystals are sometimes substituted for parallel in the 
circuit. For instance, the 8048 has been characterized to 
be compatible with the series color burst TV crystal 



(3.579545 MHz). If this crystal is used, a small frequency 
shift will occur, as noted above. 



Insufficient Drive Level 

The drive level specified is the maximum amount of 
power that is expected for the crystal to dissipate. If the 
crystal can't handle this level, frequency drift may occur 
or possible fracture of the crystal. In other words, if the 
crystal used cannot handle the oscillator drive level, 
long term reliability problems may occur. 



Rs Too High 

The higher Rs is, the higher the drive capability of the 
oscillator has to be to get the crystal to oscillate. Too 
much Rs may result in the oscillator not being able to 
drive the crystal; i.e., the loop gain is less than one. 
Overtone applications are particularly sensitive to this 
as thicker crystals are used (lower fundamental fre- 
quency, more resistance). 

SPECIFICATIONS 

Intel Component Crystal Requirements 

The following is a list of suggested specifications for 
crystals to be used with Intel components. In most in- 
stances the upper frequency limit is given, with excep- 
tions being footnoted. 



Component 
(Function) 


Process 


Component 
Divide By 


Crystal 
Type 


Fundamental 
Overtone 


Upper Limit 
Frequency 


1. 


4201 A (Clock Generator) 


CMOS 




Series 


f 


5.185 MHz 


2. 


8035/48/49, 8748 
(8-Bit CPU) 


NMOS 


15 


Parallel 


f 


6.0 MHz 


3. 


8748/8035-8 (8-Bit CPU) 


NMOS 


15 


Parallel 


f 


3.6 MHz 


4. 


8041/8741 (Universal 
Peripheral Interface) 


NMOS 


15 


Parallel 


f 


6.0 MHz 


5. 


8085A (8-Bit CPU) 


NMOS 


2 


Parallel 


f 


6.25 MHz/6.144 MHzd) 


6. 


8085A-2 (8-Bit CPU) 


NMOS 


2 


Parallel 


f 


10.0 MHz 


7. 


8202 (Dynamic RAM Controller) 


Bipolar 




Series 


f 


25 MHz 


8. 


8224 (8080A Clock Generator) 


Bipolar 




Series 


f/o 


27 MHz/18.432 MHz(2) 


9. 


8284 (8086 Clock Generator) 


Bipolar 


3 


Series 


f 


24 MHz/15 MHzO) 



Additional suggested specifications: 

Frequency Tolerance: ± 0.005% (up to the user) 

CL (Load Capacitance): = 20-35 pF (not necessary when specifying series) 

Rs (Equivalent Series Resistance): <75 ohms 
Cs (Shunt Capacitance): <7 pF 

Drive Level: <10 MHz crystal 10 milliwatts 
>10 MHz crystal 5 milliwatts 

Notes: 1. 6.144 MHz is commonly used as convenient baud rates can be generated from this frequency. 

2. 27 MHz is max. 18.432 is common crystal used which gives maximum clock rate for 8080A. Fundamental crystal should be used for the 
18.432 MHz application. 

3. Used for either a 8 or 5 MHz output clock, respectively. 
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Holder specifications are up to the user. A standard 
popular one that provides ample lead length is HC-33/U 
(0.750"Wx0.765"H, 1.5" lead length with spacing of 
0.486") and can be used for frequencies up to 4 MHz. 
After 4 MHz a smaller holder can be used such as HC- 
18/U (0.435"Wx0.530"H, 1.5" lead length with spacing 
of 0.192"). All crystals listed in the following table will fit 
in the HC-33/U holder. Other standard holders are 
available. 

Suggested Suppliers, Part Numbers 

The following are two vendors (which are among many) 
that supply crystals to the specifications given earlier 
and their part numbers (given in order of frequency). The 
user should make sure that the holder type associated 
with these part numbers is acceptable in their applica- 
tion. 



f 



3.6 MHz 
5.185 MHz 
6.0 MHz 
6.144 MHz 
6.25 MHz 
10.0 MHz 
15.0 MHz 
18.432 
24.0 MHz 
25.0 MHz 
27.0 MHz 



Parallel/ 


Crystek' 1 ' 


CTS Knight 


Series 


Corp. 


Inc. 


P 


* * 


* * 


S 


CY8A 




P 


* * 


MP060 


P 


• * 


MP061 


P 


* * 


MP062 


P 


* * 


MP10A 


S 


CY15A 


MP150 


S 


CY19B* 


MP184* 


S 


* * 


MP240 


S 


* * 


MP250 


S (overtone) 


CY27A 


MP270 



The user is not limited to these vendors or frequencies. 
The frequency chosen by the user should take into con- 
sideration convertibility to desired baud rates and the 
system timings that must be met. 

In summary, to obtain a crystal for the user's applica- 
tion, it is necessary to give the crystal vendor the follow- 
ing information: 

Series or parallel 
Fundamental or overtone 
Rs (series), Cs (shunt) 
CL if parallel 
Drive Level 
Frequency tolerance 
Holder type 

For a select few crystals, vendor numbers were given for 
two different vendors. With the above information, most 
vendors can make the desired crystal whether or not 
they have it as a standard part. 



'Intel also supplies a crystal numbered 8801 for this application. 
"Contact vendor with the appropriate specifications. 



Notes: 1 . Address: 1000 Crystal Drive, Fort Meyers. Florida 33901 
2. Address: 400 Reimann Ave.. Sandwich, Illinois 
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